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INTRODUCTION. 


*v yii'HILE  the  following  pages  contain  much  on  the  subject  of  Land  Drainage— including  the  great 
^-^^-^  works  of  Holland— by  far  the  larger  part  of  the  book  is  devoted  to  what  is  more  especially 
known  as  Sanitary  Drainage. 

Those  public  and  private  drains  whose  office  it  is  to  remove  waste  matters  from  houses,  manu- 
facturing establishments,  etc.,  are  especially  designated  as  "  sanitary "  because  of  their  more  con- 
spicuous relation  to  health.  At  the  same  time,  the  sanitary  bearings  of  the  proper  and  expeditious 
removal  of  surface-water,  and  of  the  removal  of  the  water  of  saturation  from  t^ie  subsoil,  are  fully 
recognized,  and  the  mutual  relation  of  these  works  cannot  be  lost  sight  of.  Drains  built  chiefly 
for  sanitary  ends  often  remove  surface  and  subsoil  water;  surface-drains  accomplish  good  sanitary 
ends  by  carrying  away  water  which  would  otherwise  saturate  the  subsoil ;  while  subsoil-drains  pro- 
duce sanitary  as  well  as  agricultural  benefit,  and  even,  by  making  room  in  the  soil  for  the  admis- 
sion of  the  water  of  rains,  lessen  accumulations  on  the  surface.  These  various  forms  of  drains  must 
therefore  be  treated  with  due  regard  to  their  various  effects. 

I  have  given  much  consideration  to  the  policy  which  should  regulate  the  treatment  of  the  rela- 
tive advantages  and  disadvantages  of  the  combined  and  the  separate  systems  of  sewerage.  It  has 
seemed  wise,  on  the  whole,  to  avoid  giving  great  extension  to  that  discussion,  while  stating  clearly 
my  own  convictions   on  the  subject. 

It  is  almost  universal  with  engineers  writing  on  town-drainage  to  repeat  the  truism  that  each 
place  is  a  law  to  itself;  that  "there  can  be  no  hard-and-fast  rule  in  selecting  a  system  to  be 
adopted " ;  and  that  the  engineer  should  be  free  to  decide  in  each  case  according  to  his  estimate  of 
its  requirements. 

This  is  not  to  be  denied  ;  at  the  same  time  there  are  certain  underlying  principles  which  should 
regulate  all  such  work,  and  these  should  be  considered  in  every  case,  less  in  the  light  of  what  has 
been  done  elsewhere  and  hitherto  than  according  to  the  relative  importance  of  the  difi'erent  ends 
to  be  accomplished  in  the  case  in  hand. 

Naturally,  great  attention  should  be  given  to  the  question  of  economy,  and,  other  things  being 
equal,  economy  should  control.  At  the  same  time  other  things  are  quite  generall}-  unequal,  and  in 
some  cases  economy — that  is,  engineering  economy,  or  the  mere  cost  of  the  first  construction, 
without  reference  to  the  value  of  the  result — should  be  relegated  to  a  secondarj-  position. 

Where  the  object  is,  above  all  others,  to  prevent  injury  by  tlic  rush  of  surface-water  accumulating 
on  irregular  surfaces  tluring  hea\')'  storms,  this  object  should  take  j^recedence  of  all  else,  but  it 
should    always    be    sought    with    full    and    due    consideration    of    the    collateral    sanitary    interest.     If    the 
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drainage  of  the  subsoil  for  the  purpose  of  alleviating  the  rnuddy  condition  of  roads  or  the  saturation 
of  the  ground,  with  the  soaking  of  cellars,  is  the  first  consideration,  then  all  else  should  be  made 
subordinate  to  that.  If,  as  is  true  in  by  far  the  majority  of  cases,  the  sanitary  consideration  is  the 
chief  one,  then  all  else  should  yield,  or  should  accommodate  itself,  to  this.  The  degree  to  which 
these  different  conditions  should  control  the  work  will  be  considered  each  in  its  own  place. 

Attention  will  be  called  to  the  fact  that  drainage-works,  past  and  present,  are,  and  have  always 
been,  the  outgrowth  of  tradition,  as  modified  from  time  to  time  by  a  better  knowledge  of  what  it  is 
necessary  or  desirable  to  accomplish.  The  earliest  subterranean  works,  as  far  as  they  are  still 
retained  in  use,  were  obviously  intended  to  prevent  an  interference  with  the  convenient  use  of  the 
surface  by  open  water-courses.  Later,  as  inconvenience  was  felt  from  the  accumulation  of  surface- 
water  falling  on  paved  and  other  impervious  surfaces,  drains  were  extended  to  relieve  the  difficulty 
thence  resulting.  When  the  introduction  of  a  public  water-supply  overtaxed  existing  facilities  for 
the  storage  or  removal  of  household  wastes,  first  the  superabundant  liquid  and  later  the  whole  foul 
flow  was  delivered  into  the  old  drains.  Annoyance  arising  from  the  discharge  of  organic  wastes  into 
the  rough  channels  originally  intended  for  surface-water,  means  were  devised  for  improving  the  form 
and  construction  of  the  conduit  so  as  to  reduce  the  amount  of  deposit.  Still  more  recently  a  com- 
prehension of  the  sanitary  importance  of  a  complete  immediate  removal  of  foul  wastes  led  to  the 
construction  of  sewers  especially  for  this  purpose.  In  many  cases  storm-water,  except  that  falling 
on  back  roofs  and  yards,  was  excluded.  The  latest  step,  and,  as  I  think,  a  very  important  one,  and 
which — in  practice — originated  with  me,  secured  the  exclusion  even  of  this  relatively  small  proportion 
of  storm-water  and  the  substitution  of  artificial  means  for  keeping  the  sewers  clean  by  frequent  and 
regular  flushing. 

All  sanitarians  are  agreed  that,  so  far  as  the  removal  of  foul  waste  is  concerned,  whatever  the 
system  by  which  it  is  effected  it  should  be  immediate  and  complete,  and  that  this  principle  of  imme- 
diate and  complete  removal  should  relate  not  only  to  the  public  sewer,  but  equally  to  every  element 
of  the  tributary  system  by  which  waste  matters  are  conveyed  from  their  place  of  production  in  the 
house  to  the  sewer.  This  calls  for  the  consideration  of  the  construction  of  the  appliances  from 
which,  or  through  which,  waste  refuse  is  carried  from  its  point  of  production  to  the  public  sewer  or 
to  other  means  of  disposal — that  is,  all  that  is  included  under  the  general  head  of  house-drainage.  As 
I  have  discussed  this  subject  somewhat  fully  in  a  recent  work,*  it  will  be  considered  here  less  in 
detail. 

What  I  have  to  say  will  be  taken  very  largely  from  my  own  experience  and  observation,  my 
own  reasoning,  and  my  own  earlier  arguments  concerning  the  different  branches  of  Sewerage  and 
Drainage. 

The  illustrations  used  mainly  but  not  always  relate  to  my  own  work  or  to  that  of  other  engineers 
immediately  associated  with  me.  The  diagrams  and  plans  of  others  are  used  where  these  are  necessary 
for  clear  explanation. 

Patented  articles,  systems,  and  methods  are  described  without  hesitation,  on  the  general  principle 
that,  if  they  are  useful,  there  is  no  propriety  in  waiting  until  the  terms  of  their  protection  shall  have 
expired  before  making  them  publicly  known. 

*  "  How  to  Drain  a  House." 
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Some  of  these  patented  inventions  arc  my  own .  in  others  I  have  a  pecuniary  interest,  and  in 
still  others  I  have  no  interest  whatever.  All  will  be  treated  alike  and  precisely  as  other  things,  not 
patented,  are  treated.  For  the  necessary  information  of  the  reader,  however,  there  is  given  in  Appen- 
dix   E  a  list   of   all  patented    articles    and   processes. 

I  began  work  as  an  engineer  of  agricultural  drainage  in  1855.  From  1857  until  the  outbreak  of 
the  war  I  had  charge  of  the  drainage  of  Central  Park,  in  New  York.  Since  the  war — or,  more  strictly, 
since  1867 — I  have  been  engaged  in  general  practice  as  an  engineer  of  town,  house,  and  agricultural 
drainage. 

My  first  writing  on  the  subject  was  in  the  "Elements  of  Agriculture"  in  1854.  In  1867  I  pub- 
lished a  book  on  agricultural  and  sanitary  drainage  under  the  title,  "  Draining  for  Profit  and  Draining 
for  Health."  Since  that  time  my  regular  and  occasional  writing  on  various  branches  of  this  subject 
has  been  rather  constant. 

The  only  title  for  my  present  appeal  to  public  favor  is  to  be  found  in  the  practical  and  theoretical 
experience  of  the  last  third  of  a  century,  as  above  set  forth ;  and  my  only  confidence  rests  on  the 
generous  spirit  of  indulgence  with  which  my  previous  efforts  have  been  received. 

George  E.  Waring,  Jr. 

Newport,  R.  I.,  1S88. 
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CHAPTER   I. 

THE   HEALTH   QUESTION. 

XTafie  Care  of  tbe  1bealtb*1Rate,  anD  tbe  S>eatb=1Rate  will  tafte  Care  of  Jtself. 

Vvj  I  'HILE  sewers  are  sometimes  constructed,  and  are  needed,  for  the  removal  of  storm- water — to 
^•^^^^  prevent  injury  to  public  or  private  property — the  leading  object  of  their  construction,  in  nearly 
every  case,  is  the  removal  of  water-borne  filth  and  the  prevention  of  injury  to  the  health  of  the  people.  In 
this  latter  function  and  effect  lies  the  chief  argument  in  favor  of  the  expenditure  of  public  money  for  sewer- 
age works. 

The  incidental  sanitary  effect  of  sewerage,  resulting  chiefly  from  the  draining  of  the  ground  and  the 
consequent  drying  of  cellars  and  of  the  earth  about  houses,  is  an  important  one ;  but  a  much  more  impor- 
tant effect  is  the  removal  of  waste  organic  matter  from  tlie  vicinity  of  houses,  where  its  retention  would  do 
harm,  and  its  delivery  at  a  distant  point  in  a  fresh  or  unputrefied  condition.  The  reason  why  it  is  impor- 
tant to  remove  these  wastes,  and  to  remove  them  while  fresh,  is  that  they  are  liable  to  become  the  seat  of 
putrefaction,  and  that  the  products  of  their  putrefaction,  if  within  the  town,  are  capable  of  injuring  human 
beings — either  by  producing  depression  or  a  general  malaise,  or  by  causing  specific  disease. 

The  diseases  which  sewerage  and  the  attendant  sanitary  improvements  are  most  distinctly  capable  of 
controlling  are  enteric  fever  (typhoid),  cholera,  and  diarrhoeal  diseases.  The  relation  of  diphtheria  and 
cerebro-spinal  meningitis,  etc.,  to  local  filth  is  less  clearly  established,  but  it  is  probably  very  close. 

From  the  point  of  view  of  the  political-economist,  disease  is  more  important  than  death.  A  man  dead 
is  a  man  done  with.  He  ceases  to  be  a  factor  of  the  economical  problem.  While  the  State  loses  his  value 
as  a  developed  and  useful  force,  and  those  dependent  on  him  suffer  in  their  means  of  support,  once  buried 
he  is  no  longer  a  charge  on  the  living.  While  appreciating  with  the  tenderest  sympathy  the  grief  of  those 
surviving  him,  we  see  that  the  practical  loss  sustained  by  the  community  is  slight  as  compared  with  the  loss 
of  the  efficient  productive  power  of  the  twenty  sick,  who  do  not  die,  and  the  requirement  for  their 
nursing,  treatment,  and  support  while  sick.     Viewed  in  this  aspect,  disease  is  far  more  serious  than  death. 

Sewerage  and  improved  house-drainage,  coupled  with  the  supply  of  pure  water,  are  the  leading  and 
most  effective  measures  by  which  the  sanitary  condition  of  England  has  been  improved.  The  degree  of 
that  improvement  is  indicated  by  statistics  of  the  past  twenty-five  years.  The  annual  mortality  in  England 
and  Wales,  for  each  million  of  the  population,  has  been  as  follows  : 

1861-65  1866-70  1871-75  1876-80  1881-85 

22,595  22,436  21,975  20,817  19,310 
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Comparing  the  number  of  deaths  of  the  last  period  witli  those  of  the  first,  we  find  that  the  difference 
amounts  to  3,285  per  milUon.  The  population  is  about  30,000,000.  The  annual  saving  is,  therefore, 
about  100,000  lives.  Assuming  that  there  are  twenty  cases  of  sickness  for  each  death,  there  has 
been  a  saving  of  about  2,000,000  cases  of  sickness  in  the  year.  Mr.  Edwin  Chadwick,  C.B.,  the 
oldest,  the  most  active,  and  the  most  efficient  of  English  sanitarians,  who  was  born  with  this  century 
and  who  is  still  with  us  in  full  vigor,  "a  witness  of  the  success  that  has  attended  his  life's  work,"  has  made 
interesting  calculations  as  to  the  cost  of  each  case  of  sickness  in  lost  work  and  doctors'  bills,  and  of  tlie 
value  of  the  lives  saved,  as  compared  with  the  interest  on  the  money  spent  in  sanitary  improvements,  includ- 
ing water-works,  sewerage,  vaccination  grants,  and  official  salaries,  showing,  on  this  purely  commercial  basis, 
a  great  financial  gain,  to  say  nothing  of  the  personal  suffering  and  bereavement  avoided. 

Of  all  works  of  sanitary  importance,  doubtless  the  most  radical  and  the  most  effective  is  sewerage  with 
its  natural  accompaniment,  house-drainage.  This,  indeed,  is  the  key  to  the  improvement  of  the  water-sup- 
ply. It  is  hardly  too  much  to  say  that  where  a  community  is  supplied  with  water  only  by  local  wells,  the 
purification  of  the  ground,  which  works  of  drainage  are  capable  of  effecting,  will  result  in  a  short  time  in 
the  purification  of  the  water  of  wells,  no  matter  how  much  this  may  have  been  polluted  by  previous 
practices,  if  only  the  sewers  are  tight. 

In  his  annual  address  as  president  of  the  Sanitary  Association  of  Scotland  (July  4,  1888)  Dr.  McVail 
reviewed  the  "  Methods  and  Objects  of  Preventive  Medicine."  He  indicated  three  great  lines  of  defence 
as  constituting  the  preventive  measures — Sanitation,  Inoculation,  and  Isolation.  He  makes  Sanitation 
the    first    line,   saying: 

"  Assuming  the  theory  to  be  correct  that  zymotic  diseases  are  due  to  specific  organisms,  we  may 
say  that  the  object  of  sanitation,  in  this  narrowed  meaning,  is  to  produce  such  conditions  of  air  and 
soil  and  water  as  shall  not  be  consonant  with  the  existence  of  these  organisms.  Such  environment  as 
is  most  suited  to  a  human  being  is  least  suited  to  his  microscopic  foes.  A  man  goes  to  the  coast 
or  the  country  in  search  of  pure  air.  If  he  find  it  he  is  strengthened  in  body  and  mind.  But  that 
which  for  him  spells  invigoratioii,  for  these,  his  enemies,  spells  starvation.  Where  he  thrives  best  they 
pine  or  die.  The  first  line  of  defence,  in  fact,  is  simply  cleanliness — cleanliness  in  breathing  and  eating 
and  drinking — cleanliness,  personal,  domestic,  and  national.  It  includes  many  measures.  It  means  that 
the  soil  on  which  we  construct  street  and  houses  shall  be  unpolluted,  that  the  houses  themselves  shall 
be  roomy  and  well  ventilated,  and  that  the  air  which  ventilation  provides  shall  itself  be  pure.  It 
means  that  the  water  we  drink  shall  contain  no  germs  of  cholera  or  enteric  fever  (typhoid  fever),  and 
that  our  food  shall  be  clean  and   wholesome." 

He  says  that  improvements  in  excrement  removal,  and  the  resulting  purity  of  the  water-supply, 
have  got  rid  of  enteric  fever;  "it  is  essentially  a  preventable  disease,  and  where  it  has  not  been 
preve     cd  the  fault  has  consisted   in  the  known  means  not  having  been  used." 

The  objection  is  sometimes  raised  that  the  prevention  of  death  leads  to  the  preservation  of  lives 
of  little  value  and  tlie  multiplication  of  the  feebler  and  less  useful  classes  of  society.  Or,  as  Dr.  Mc- 
Vail states  it:  "In  olden  times,  it  is  said  that  the  weakly  went  to  the  wall,  and  only  the  strong  lived 
and  became  tHe  progenitors  of  a  healthy  race ;  while  now  the  weakly  are  nursed  and  coddled  and 
protected  against  every  wind  that  blows.  The  life,  too,  that  these  feeble  ones  live — is  it  worth  the 
iivin-g?  Is  it  not  simply  one  prolonged  sickness,  without  either  pleasure  or  usefulness?  Nor  do  the 
consequences  end  with  the  sufferers.  They  marry  and  bring  forth  a  degenerate  race,  the  members  of 
which  also  marry,  and  so,  by  degrees,  the  whole  life-blood  of  the  nation  is  being  poisoned.  Thus  it 
would  appear  that  our  title  rif  health  officers  is  a  misnomer,  and  that  our  efforts  after  health  only  end 
in  disease."  In  meeting  this  objection  lie  uses  this  illustration  :  "  Let  us  suppose  that  ideally  perfect 
health  is  represented  by  everything  above  the  arbitrary  figure  100,  and  that  all  below  zero  on  the 
same    imaginary   scale   represents  a   condition   of  health   incompatible  with   life.     Then   between    zero    and 
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100  we  have,  say,  ten  grades  of  healthiness,  each  occupying  ten  degrees  of  our  scale,  and  named,  from 
below  upwards,  A,  B,  C,  and  so  on,  and  that  below  zero  we  have  various  grades  of  physical  condition 
which  render  the  prolongation  of  life  impossible.  Let  us  suppose,  also,  that  modern  preventive 
medicine  has  an  average  power  of  health  improvement  represented  by  10  per  cent,  of  our  scale.  Then, 
indeed,  it  becomes  true  that  by  hygienic  means  we  raise  the  health  of  those  who  would  otherwise  be 
10  per  cent.,  or  less,  below  zero,  into  class  A,  a  class  just  compatible  with  contini;ed  life.  So  far, 
therefore,  we  do  perpetuate  an  unhealthy  section  of  the  race  which  would  otherwise  become  extinct. 
And  if  this  were  all,  our  critic  would  be  justified  in  his  objections.  But  it  is  not  all.  For,  at  the 
same  time,  we  raise  those  who  formerly  occupied  class  A  into  a  position  between  10  and  20 — that  is, 
into  class  B — and  so  up  the  whole  column.  On  this  imaginary  scale,  therefore,  the  gain  is  ten  times 
the  loss,  even  granting  that,  in  any  sense,  it  can  be  considered  a  loss  to  make  people  live  on  who 
would  otherwise  die.  But  if  this  is  not  enough  to  satisfy  the  objector,  let  us  ask  him  to  carry  out  his 
own  argument  to  its  legitimate  conclusion.  Let  him  go  back  to  the  conditions  as  they  were  found  by 
sanitation,  say  in  the  year  1848,  when  the  first  Public  Health  Act  was  passed.  Does  the  state  of 
things  which  then  prevailed  please  him  ?  By  no  means.  For  he  still  finds  an  unhealthy  residuum, 
propagating  an  unhealthy  race.  Let  us,  therefore,  substitute  the  then  existing  hygienic  conditions  for 
those  prevailing,  say,  in  1800.  By  doing  so  let  us  grant  that  we  drive  below  zero  those  who,  in  1848, 
would  have  occupied  class  A.  Does  this  please  the  objector?  No,  truly;  for,  in  lowering  the  base, 
you  lower  the  whole  column,  and  you  have  the  occupants  of  class  B  reduced  to  the  state  of  health 
of  class  A.  Let  us,  therefore,  make  another  step  downwards,  and  then  we  have  the  original  occupants 
of  class  C  coming  down  to  class  A.  Finally,  we  reach  the  rcductio  ad  absurduin  that  in  endeavoring  to 
improve  the  breed  we  have  destroyed  the  species." 

At  the  Annual  Meeting  of  the  Medical  and  Chirurgical  Faculty  of  Maryland  in  1887,  Dr.  William  H. 
Welch,  Professor  of  Pathology,  Johns  Hopkins  University,  Baltimore,  delivered  the  Address.  His  subject 
was  "  Modes  of  Infection."  He  accepts  as  a  demonstrated  fact  the  reproduction  of  all  infectious  diseases 
by  living  organisms :  "  An  infectious  disease  is  one  which  is  caused  by  the  invasion  and  reproduction  with- 
in the  body  of  pathogenic  micro-organisms."  These  organisms  are  mainly  of  the  classes  known  as  bacteria. 
He  says  that  ''  the  view  which  has  gained  the  most  adherents,  and  which  is  the  prevalent  one  at  the  present 
time,  is  that  a  patient  sick  with  typhoid  fever,  or  with  cholera,  throws  off  from  his  body  a  poison,  a 
micro-organism,  which  at  the  time  of  its  discharge  is  not  capable  of  producing  the  disease,  but  which 
under  favorable  circumstances  undergoes  outside  of  the  body  some  unknown  metamorphosis  by  which  it 
acquires  this  power."  He  thinks  the  assumption  unwarrantable  that  the  specific  organisms  of  cholera 
and  typhoid  fever  acquire  new  or  increased  virulence  after  their  removal  from  the  bod\-,  though  they 
may,  in  proper  media,  as  with  the  typhoid-fever  germ  in  milk,  increase  enormously  in  number.  The 
germs  of  both  of  these  diseases  leave  the  body  of  the  patient,  save  in  very  e.xceptional  cases,  only 
through  the  bowels,  "  so  that  we  can  conclude  that  the  only  danger  of  direct  infection  from  a  cholera 
patient   is  by    means  of  the   stools." 

"  It  has  been  proven  by  e.xact  and  very  interesting  experiments  of  Naegeli  and  Buchner  that  bacteria 
are  never  lifted  by  currents  of  air  from  the  surface  of  fluids  or  from  moist  surfaces  in  general.  One  could 
remain  in  a  room  cojitaining  any  quantity  of  cholera  stools,  swarming  with  cholera  bacilli,  and  there  would 
be  no  danger  of  infection  with  cholera  through  the  air.  Bacteria  are  conveyed  into  the  air  only  when  they 
are  in  a  dry  condition,  and  the  cholera  organism  is  quickly  destroyed  by  drying.  So  far  as  cholera  is  con- 
cerned, there  is  therefore  no  basis  for  the  prevalent  belief  that  the  atmosphere  becomes  infected  for  a  cer- 
tain tlistance  around  substances  containing  an  active  contagium,  although  this  belief  is  justified  as  regards 
certain  other  species  of  contagia. 

"  But  it  does  not  suffice  for  infection  merely  to  have  come  into  contact  with  the  cholera  stools;  portions 
of  the  stools  must  actually  be  swallowed.     There  is  every  reason  to  believe  that  infection  with  cholera  takes 
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place  only  through  the  reception  of  the  virus  directly  into  the  alimentary  canal,  and  not  through  subcuta- 
neous inoculation  or  through  the  respiratory  organs. 

"  If  this  last  condition  be  fulfilled  and  portions  of  cholera  stools  be  actually  swallowed,  even  then  in 
any  given  case  the  chances  are  probably  at  least  three  to  one  that  no  infection  would  follow ;  for  the 
cholera  bacilli  are  destroyed  by  the  acid  of  the  gastric  juice,  and  it  is  a  matter  of  experience  that  only  a 
minority  of  those  exposed  to  the  specific  cause  actually  contract  the  disease." 

Substantially  the  same  reasoning  is  adopted  in  the  case  of  typhoid  fever. 

Dr.  Welch  is  less  positive  in  his  statement  as  to  the  development  of  the  organisms  of  miasmatic- 
contagious  diseases,  like  yellow  fever,  outside  of  the  human  body,  and  as  to  the  means  of  their  trans- 
mission. He  throws  no  doubt  on  the  prevalent  belief  that  drainage  and  the  removal  of  filth  will 
prevent  or  restrict  the  spread  of  these  diseases. 

Concerning  the  communication  of  diseases  by  germs  transported  by  air  he  says: 

"  There  are  many  grounds  for  supposing  that  the  chief  means  of  infection  are  by  actual  contact, 
in  one  way  or  another,  with  the  agents  of  infection.  The  conviction  of  the  truth  of  this  statement 
is  borne  in  almost  irresistibly  upon  one  who  has  engaged  extensively  in  the  cultivation  of  micro- 
organisms. I  have  kept  for  weeks  at  a  time,  side  by  side  in  a  sterilized  dish  to  which  filtered  air  had 
free  access,  two  watch-glasses,  one  containing  a  culture  of  the  typhoid  bacilli  in  beef-tea,  and  the 
other  containing  simply  sterilized  beef-tea.  During  this  time,  notwithstanding  its  close  proximity  to 
the  typhoid  culture,  the  beef-tea  of  the  second  glass  remained  perfectly  pure,  without  a  trace  of 
contamination  from  its  neighbor.  Many  illustrations  of  the  same  principle  might  be  drawn  from  the 
work  of  a  bacteriological  laboratory.  We  study  the  exposed  cultures  of  such  pathogenic  organisms 
as  the  anthrax  bacilli,  the  cholera  bacilli,  the  glanders  bacilli,  and  run  no  risk  of  infection  from  these 
so  long  as  we  do  not  come  into  contact  with  the  cultures." 

Incidentally  Dr.  Welch  suggests  one  means  by  which  infectious  diseases  of  which  the  origin 
seems  inscrutable  may  have  been  communicated  from  a  previous  case.  He  calls  attention  to  the  fact 
that  in  biological  laboratory  work  micro-organisms  are  readily  disseminated  by  flies  and  other  insects, 
so  that  in  plate  cultures  "there  can  sometimes  be  traced  the  devious  wandering  of  an  insect  by  the 
colonies  of  micro-organisms  which  it  has  planted  in  its  course."  This  suggests  a  possible  transporta- 
tion of  the  germs  of  disease  from  the  stools  of  a  typhoid  or  cholera  patient  to  the  drink  or  food  of 
another  individual. 

While  not  elaborating  the  details  of  the  doctrine  of  infection  or  constructing  theories  concerning 
soil  or  drinking-water,  he  says : 

"There  is  one  lesson,  however,  which  has 'come  from  the  epidemiological  study  of  the  relations 
of  the  soil  and  of  the  drinking-water  to  infectious  diseases,  and  that  is  the  immense  importance  of 
the  proper  disposal  of  the  refuse  matter  around  human  habitations,  and  the  supply  of  pure  drinking- 
water.  The  efficacy  of  a  good  system  of  drainage  or  of  sewerage  in  preventing  the  develojMiicnt  of 
many  epidemic  diseases  is  probably  to  be  sought,  not  in  the  purifying  of  the  ground  so  that  patho- 
genic organisms  cannot  grow  there,  but  in  affording  means  by  which  these  organisms,  contained  in 
human  excreta  and  other  substances,  are  readily  carried  away.  The  discussion  of  these  points  relates 
to  sanitary  science,  and  does  not  belong  to  my  theme,  but  I  cannot  refrain  from  a  brief  allusion  to 
the  subject  on  account  of  its  great  practical  importance. 

"  What  can  be  more  instructive,  as  well  as  more  encouraging,  than  to  witness  the  manner  in  which 
Asiatic  cholera,  during  its  present  journey,  has  failed  to  secure  any  foothold  in  those  European  cities 
which  arc  characterized  by  cleanliness  and  proper  sanitary  arrangements,  altiiough  it  has  been  repeat- 
edly introduced  into  such  cities?  These  cities  have  secured  their  immunity,  not  by  spasmodic  precau- 
tionary efforts  after  the  entrance  of  the  disease,  but  at  the  price  of  systematic,  vigilant,  and  intelligent 
exertions  during  what   may  be  termed   the  time   of  peace.     Without  wishing   to    pose    as    an    alarmist,  I 
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believe  that  with  the  announcement  of  the  appearance  of  Asiatic  cholera  upon  this  continent  the  time 
has  come  to  emphasize  the  fact  that  the  only  enlightened  and  civilized  public  policy  is  to  be  prepared 
at  all  times  and  in  all  places  to  meet  the  enemy." 

The  little  liability  of  the  communication  of  contagion  by  liquid  sewage  in  which  infectious  germs 
may  be  contained  is  thus  stated  by  Dr.  Russell,  the  Medical  Officer  of  Health  of  Glasgow,  in  a 
paper  on  Disinfection  read  before  the  British  Medical  Association  in  1884  : 

"  In  water,  all  contagia  are  drowned  at  once,  in  the  sense  of  being  imprisoned,  and,  if  the  bulk 
of  water  be  sufficiently  large  in  proportion  to  the  organic  matter,  decomposition  proceeds  apace,  and 
they  soon  cease  to  exist  as  vital  entities.  There  are  only  two  circumstances  which  may  give  them 
another  opportunity  of  infection :  one  is,  if  they  contaminate  the  water-supply  ;  the  other  is,  if  from 
defect  of  bulk  of  water  and  stagnation  gaseous  bubbles  project  them  into  the  air,  or  the  filthy  solu- 
tion smears  the  sides  of  sewers  above  water-level  or  deposits  mud  which  is  exposed  to  the  sun  and 
the  sweep  of  currents  of  air." 

BACTERIA. 

All  who  have  been  interested  in  sanitary  matters  during  the  past  ten  or  fifteen  years  have  wit- 
nessed a  radical  change  of  professional  opinion  on  the  subject  of  bacteria.  When  the  study  of  these 
organisms  was  first  begun,  the  impression  prevailed  that  they  were  to  be  regarded  only  as  enemies  of 
the  human  race.  It  was  thought  that  if  they  were  not  in  all  cases  injurious  they  were  always  capable 
of  becoming  injurious  by  development  under  peculiar  conditions.  The  transformation  of  one  species 
into  another  was  believed  to  be  possible  under  favorable  influences.  The  quality  of  drinking-water 
and  the  pernicious,  power  of  sewage  might,  it  was  thought,  be  estimated  according  to  the  number  of 
micro-organisms  that  it  contained.  In  short,  it  was  believed  that  whatever  favored  the  development 
of  bacteria  pointed  to  dangerous  conditions. 

As  the  study  of  the  micro-organisms  has  gone  on,  many  of  these  notions  have  been  shown  to  be 
unfounded.  It  is  still  too  early  to  speak  positively,  as  with  scientific  accuracy,  on  any  department 
of  the  subject,  but  enough  is  known  to  justify  a  much  less  alarming  view  of  the  case.  Indeed,  there 
can  be  no  doubt  that  not  only  are  bacteria,  as  a  class,  beneficial  and  not  hurtful,  but  that  their 
development  and  activity  lies  at  the  root  of  all  fertility  of  the  soil  and  of  the  ability  of  the  earth  to 
support  vegetable  and  animal  life.  It  is  not  to  be  doubted  that  waste  organic  matter,  before  it  can 
again  become  food  for  plants,  must  be  subjected  to  a  process  of  destruction  which,  formerly  supposed 
to  be  due  to  chemical  oxidation,  is  now  known  to  be  due  to  the  action  of  bacteria.  Manure  depos- 
ited in  the  soil  is  by  the  action  of  these  organisms  resolved  into  elementary  compounds  fit  for  the 
use  of  the  plants  rooted  in  that  soil.  Organic  matter  in  water  is,  by  the  same  agency,  made  available 
for  the  use  of  aquatic  vegetation. 

In  the  chapter  on  "  Sewage  Disposal "  this  subject  is  discussed  more  at  length.  Attention  is 
especially  called  to  the  remarks  of  Professor  Chandler,  of  the  Columbia  School  of  Mines,  who  says 
that  "  bacteria  are  universally  present  in  the  atmosphere,  that  they  are  inhaled  in  every  breath,  that 
they  are  present  in  distilled  water  in  the  laboratory,  and  that  if  you  study  their  characteristics  suffi- 
ciently you   find  you  cannot  get  rid  of  them,  and  if  you  could  you  would  not." 

To  the  sanitarian  the  scavenger  bacteria,  of  which  the  bactcriuvi-tcriiio  is  the  type  and  appar- 
ently the  master,  is  his  most  effective  agent.  This  is  the  bacterium  of  ordinary  putrefaction,  active 
everywhere  in  the  world  wherever  dead  organic  matter  is  exposed  to  contact  with  air  and  moisture 
at  ordinary  temperatures.  Much  of  our  refuse,  before  becoming  subject  to  bacterial  action,  is  made 
to  serve  the  uses  of  other  organisms.  It  may  become  food  for  fishes  or  for  insects,  but  sooner  or 
later  it  all  falls  a  prey  to  those  microscopic  organisms  whose  means  of  life  and  whose  reason  for 
being  it  is  to  break  down  the  last  vestige  of  organic  character. 
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The  rapidity  and  extent  of  the  multiplication  of  bacteria  seems  to  be  dependent  on  nutriment 
and  temperature.  Sternberg,  in  his  work  on  "  Bacteria,"  second  edition,  1884,  gives  the  following  from 
Magnin  (1878)  concerning  multiplication  b}^  fission  : 

"  The  multiplication  by  fission  consists  in  a  transverse  division  of  the  cell.  When  a  bacterium  has 
attained  nearly  double  its  ordinary  length,  we  see,  in  the  larger  species,  that  the  protoplasm  becomes 
clearer  in  the  central  portion,  and  a  partition  forms  in  the  median  line  separating  the  contained  proto- 
plasm into  two  portions.  The  partition,  at  first  very  delicate,  becomes  thicker,  divides  into  two,  and  the 
two  particles  separate. 

"  This  phenomenon  is  produced  more  or  less  quickly  according  to  the  nature  of  the  medium,  its 
richness  in  nutritive  material,  the  temperature,  etc.  When  the  growth  is  rapid,  the  new  cells  form  more 
quickly  than  they  separate,  and  are  arranged  in  chaplets.  Very  often  we  only  find  them  in  this  form, 
in  strings  of  two  to  four  cells  coupled  together.  In  some  forms  the  transverse  division  is  preceded  by 
constriction  near  the  middle  of  the  cell.  Before  the  two  new  cells  are  separated  the  bacterium  in  this 
case  presents  the  appearance  of  a  figure  8,  and  seems  to  be  a  simple  cell  swollen  at  the  two  extremities. 

"  The  conditions  which  favor  multiplication  by  fission  are  p.  certain  degree  of  temperature  and  a  suf- 
ficient quantity  of  nutritive  material.  The  higher  the  temperature,  the  more  rapid  is  the  segmenta- 
tion of  the  bacteria,  the  more  rapid  is  their  multiplication — that  is  to  say,  up  to  a  certain  limit  varia- 
ble with  the   species,  and   beyond  which   the   bacteria  are    destroyed. 

"The  multiplication  decreases  when  the  temperatuie  is  lower,  and  ceases  entirely  in  the  vicinity  of 
32°  Fahr. 

"The  influence  of  richness  of  nutriment  is  well  seen  in  artificial  cultivation.  So  long  as  the  bacte- 
ria find  the  necessary  aliment  in  sufficient  quantity  to  form  new  protoplasm,  they  multiply  with  ac- 
tivity ;  but  as  soon  as  the  organic  matter  is  devoured  they  cease  to  divide,  fall  to  the  bottom  of  the 
vessel,  where  they  accumulate,  motionless,  and  form  a  deposit  more  or  less  abundant. 

"  The  multiplication  of  the  bacteria  by  binary  fission  has  for  result,  if  nothing  occurs  to  interfere 
with  the  most  favorable  conditions,  the  invasion  of  the  medium  by  an  incredible  number  of  these  little 
beings,  of  which  we  can  only  form  an  idea  by  calculation. 

"'Let  us  suppose,'  says  Sohn,  'that  a  bacterium  divides  into  two  in  the  space  of  an  hour,  then  in 
four  at  the  end  of  a  second  hour,  then  in  eight  at  the  end  of  three  hours ;  in  twenty-four  hours  the 
number  will  already  amount  to  more  then  sixteen  millions  and  a  half  (16,777,220);  at  the  end  of  two 
days  this  bacterium  will  have  furnished  forty-seven  trillions;  at  the  end  of  about  a  week  a  number 
which  can  only  be  represented  by  fifty-one  figures.' 

"  '  In  order  to  render  these  numbers  more  comprehensive,  let  us  seek  the  volume  and  the  weight 
which  may  result  from  the  multiplication  of  a  single  bacterium.  The  individuals  of  the  most  common 
species  of  rod-bacteria  present  the  form  of  a  short  cylinder  having  a  diameter  of  a  thousandth  of  a 
millimetre  and  in  the  vicinity  of  one  five-hundredth  of  a  millimetre  in  length.*  Let  us  represent  to 
ourselves  a  cubic  measure  of  a  millimetre.  This  measure  would  contain,  according  to  what  we  have 
just  said,  633,000,000  of  rod-bacteria  without  leaving  any  empty  space.  Now,  at  the  end  of  twenty- 
four  hours  the  bacteria  coming  from  a  single  rod  would  occupy  the  fortieth  part  of  a  cubic  milli- 
metre; at  the  end  of  the  following  day  they  would  fill  a  space  equal  to  442,570  of  these  cubes,  or 
about  half  a  litre.  Let  us  admit  that  the  space  occupied  by  the  sea  is  equal  to  two-thirds  of  the 
terrestrial  surface,  and  that  its  mean  depth  is  a  mile;  the  capacity  of  the  ocean  will  be  928,000,000  of 
cubic  miles.  The  multiplication  being  continued  with  the  same  conditions,  the  bacteria  issuing  from 
a  single  germ  would  fill  the  ocean  in  five  days.' " 

*  About  ifTOTTTl  °f  ■!"  '"'^''  '"  diameter,  and  jaooc  of  an  inch  in  length. 


THE   HEALTH  QUESTION . 


PRACTICAL  CONCLUSIONS. 


17 


In  attempting  to  formulate  general  conclusions  from  the  present  state  of  knowledge  as  indicated 
in  the  foregoing  pages,  it  is  to  be  considered  that  no  branch  of  human  investigation  is  at  this  moment 
being  more  actively  pursued  than  that  which  lies  at  the  foundation  of  knowledge  as  to  the  relations 
between  cleanliness  and  health,  filth  and  disease,  mechanical  means  and  physiological  ends.  It  is  neces- 
sary to  the  exertion  of  any  valuable  influence  that  theories  should  be  clearly  defined  and  that  beliefs 
should  be  firmly  founded  ;  it  becomes  necessary,  as  time  goes  on  and  as  knowledge  advances,  to  modify 
theories  and  to  reorganize  beliefs.  There  is,  however,  much  satisfaction  in  feeling  that  the  theories 
and  the  beliefs  of  active  sanitarians  have  accomplished  so  much  within  the  past  forty  years,  and  that, 
however  often  they  have  had  to  be  changed  or  modified  as  more  and  more  has  been  learned,  they 
have  never  had  to  depart  from  the  general  lines  into  which  they  have  from  the  first  directed  the  ef- 
forts of  mankind  to  make  the  world  a  better  place  for  men  to  live  in.  Although  it  is  altogether  likely 
that  the  opinions  of  to-day  must  be  greatly  modified  in  the  future,  it  may  safely  be  assumed  that  our 
heads  are  set  in  the  right  direction,  and  that  if  we  follow  the  indications  of  present  knowledge  we 
shall  have  little  to  undo  as  knowledge  advances. 

Perhaps  existing  ideas  on  this  most  important  subject  may  best  be  formulated  by  elaborating  the 
old  formula  of  Hippocrates  : 

pure  air,  ipure  Mater,  an&  a  ipure  Soil. 

Man  is  born  to  thrive  with  pure  air  to  breathe,  pure  water  to  drink,  and  pure  soil  to  live  on.  The 
impurities  which  tend  to  render  air,  water,  and  soil  unfavorable  for  his  best  development  are  the  pro- 
duct of  his  own  life.     The  removal  of  the  source  of  this  impurity  must  be  effected  by  his  own  act. 

Certain  diseases  to  which  he  is  subject,  and  which  tend  to  spread  through  the  race  by  contagion 
or  infection,  it  is  within  his  power  to  control. 

Some  ailments  which  are  not  fatal  and  which  are  not  communicable  are  also  due  to  conditions 
which  he  may   change. 

The  means  by  which  these  ailments  and  diseases  are  to  be  prevented  or  mitigated  are  to  be 
sought  in  the  immediate  removal  of  everything  attending  his  life  that  may  become  a  source  of  im- 
purity ;  in  the  return  of  these  matters  to  their  elementary  condition  in  such  places  and  by  such  means 
as  shall  accomplish  the  process  in  the  most  complete  manner  and  with  the  least  injury  to  himself  or 
others ;  and  in  the  removal  from  the  vicinity  of  habitations  of  all  controllable  sources  of  undue 
moisture  which,  although  not  to  be  classed  as  an  impurity  in  the  sense  in  which  the  word  is  used  here, 
constitutes  an  injurious  extraneous  element  of  air  and  soil. 

To  consider  the  practical  means  by  which  these  results  shall  be  accomplished,  while  giving  full 
credit  to  the  earth-closet  and  dry  conservancy  systems  for  what  they  are  capable  of  accomplishing  in 
their  limited  field,  and  while  crediting  pneumatic  processes  of  removal  with  what  they  are  capable  of 
doing,  it  seems  clear  that  the  onl)-  method  that  can  be  considered  universally  effective  and  applicable 
is  that  of  removal  by  water-carriage.  Even  this  is  not  capable  of  meeting  all  of  the  requirements  of 
modern  life,  either  in  the  single  household  or  in  the  town.  Water  is  surely  the  best  vehicle,  when 
properly  controlled,  for  the  removal  of  the  discharges  of  the  kitchen-sink,  of  laundries  and  lavatories, 
and  of  water-closets  antl  urinals,  also  of  certain  manufacturing  products.  It  is  not  ordinarily  the  most 
effective  means  for  the  removal  of  street-dirt,  and  it  is  entirel)'  inadequate  to  deal  with  house  gar- 
bage and  swill,  and  with  stable  and  other  refuse  of  similar  character.  It  must,  tlierefore,  be  supple- 
mented by  a  proper  swill  and  garbage  removal,  and  by  a  proper  care  and  removal  of  manure.  With 
these  latter  elements  we  are  not  now  dealing. 
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This  discussion  relates  to  those  wastes  which  in  primitive  communities  are  flirted  over  the  ground 
from  the  kitchen-door,  are  run  into  the  cesspool  by  liouse-drains,  and  are  deposited  in  the  vault  of  the 
privy.  They  are  the  worst  of  our  wastes,  they  are  the  most  universally  produced,  and  they  are  the 
most  uniformly  distributed.  Every  habitation,  under  the  old  regime,  is  closely  surrounded  by  these 
sources  of  offence  and  danger. 

The  only  simple  and  effective  remedy  for  the  whole  of  this  difficulty  in  towns  is  to  provide  each 
house  with  the  necessary  receptacles  for  these  various  classes  of  filth,  to  connect  such  receptacles  with 
properly  constructed  and  amply  ventilated  drains,  and  to  discharge  such  drains  into  properly  con- 
structed, adequately  ventilated,  and  surely  self-cleansing  sewers.  This  frees  the  house  from  its  own 
encumbrances.  The  town,  the  whole  community,  is  to  be  freed  from  them  by  conveying  the  dis- 
charge of  the  sewers  through  a   proper  channel  to  a  proper  point  of  disposal. 

In  one  sense  this  completes  the  sanitary  drainage  of  the  town.  In  another  sense  it  often  inau- 
gurates a  new  difficulty  of  serious  magnitude.  Having  built  a  system  of  sewers  and  delivered  their 
oulflow  at  a  distance,  the  municipal  ruler  is  often  confronted  with  the  old  question:  "What  will  he 
do  with  it?"  Unless  he  has  command  of  a  free  sweeping  sea,  or  a  strong  flowing  river,  the  chances 
are  that  his  neighbors,  near  or  remote,  will  insist  on  his  getting  rid  of  the  waste  in  some  other  way 
than  by  sim.ple  unguarded  outflow.  The  answer  to  his  question  is  elaborated  in  a  subsequent  chapter, 
"  On  Sewage  Disposal."  It  will  ordinarily  be  found  most  economical  and  most  advantageous  to  resort, 
at  an  early  stage,  to  nature's  scavenger,  bacteria,  for  the  final  and  complete  destruction  of  the  trouble- 
some elements  of  the  sewage,  fitting  it  for  the  use  of  crops  and  deriving  a  return  from  its  agricultural 
use. 

There  may  be  cases,  but  I  fancy  that  they  will  be  rare  in  this  country,  where  it  will  be  most 
judicious  to  postpone  the  destruction  of  organic  matter,  depositing  its  coarser  parts  by  chemical  pro- 
cess and  sending  them,  as  sewage  sludge,  for  agricultural  use  elsewhere,  while  discharging  the  less 
obvious  organic  impurities  into  a  stream  where  they  may  not  become  intolerable,  because  of  the 
ability  of  the  bacteria  and  aquatic  vegetation  of  the  water  to  dispose  of   them. 

In  all  our  efforts  we  must  heed,  on  the  one  hand,  the  micro-organisms  by  which  our  work  is  per- 
fected, and,  on  the  other  hand,  those  by  \\'hich  health  is  undermined  and  life  destroyed.  We  know 
too  little  as  yet  to  do  much  more  than  to  heed  them,  favoring  the  one  by  providing  proper  condi- 
tions for  its  growth,  and  banishing  the  other  before  it  has  the  occasion  to  do  harm  ;  but  our  knowledge 
is  growing  daily,  and  our  safeguards  will  grow  ^\■ith  it.  In  the  meantime,  removal  and  destruction 
must  be  our  reliance.  Whatever  the  process,  by  one  means  or  another  everything  in  the  shape  of 
organic  wastes  must  be  safely  and  securely  removed  and  destroyed.  Whatever  the  process,  it  will  be 
a  costly  one ;  but  whatever  the  cost,  it  will  surely  be  well  repaid  in  improved  health,  efificiency,  and 
happiness. 

The  following  editorial  from  the  London  Times  of  August  27,  1888,  states  Mr.  Chadwick's  views 
as  to  the  health  question  so  clearly  and  effectively  as  to  make  it  a  valuable  supplement  to  this 
chapter : 

"  Mr.  Edwin  Chadwick's  address,  which  illness  unfortunately  prevented  him  from  reading  himself 
at  the  Brighton  Sanitary  Conference  on  Saturday,  gives  an  interesting  and  exhaustive  account  of  the 
progress  of  sanitary  science  and  an  estimate  of  the  value  and  importance  of  the  practical  results  at- 
tained. Mr.  Chadwick  is  well  k-nown  as  an  old  sanitary  enthusiast,  and  his  Brighton  address  shows  no 
falling  off  either  in  the  vigor  with  which  he  handles  his  subject  or  in  the  full  faith  which  he  reposes 
in  it  as  a  main  factor  of  improvement  in  modern  civilized  life.  The  enemies  which  he  combats  are 
disease  and  premature  death,  with  the  waste  of  energ\'  and  of  material  resources  which  the)-  involve, 
and  with  ignorance  and  indifference  as  their  allies.  The  figures  of  the  death-rate  in  various  localities 
and    as  affected    by  altered    circumstances  are    the    great    test    to  which    he  appeals,   both    as    proof    how 
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mucli  has  been  done  by  improved  sanitary  methods,  and  how  much  still  remains  to  be  done  where 
those  methods  have  been  either  neglected  or  misapplied.  The  conditions  on  which  he  insists  as  neces- 
sary are  not  easily  to  be  met.  He  refuses  to  be  put  off  with  the  partial  improvements  which  are  now 
very  generally  secured.  A  reduction  in  the  death-rate  is  not  enough  for  him.  The  rate  must  be 
brought  down  not  only  to  something  less  than  the  excessive  amount  at  which  it  formerly  stood,  but 
to  the  much  lower  standard  which  he  considers  to  be  attainable  under  proper  sanitary  rules.  The 
death-rate  in  the  metropolis  was,  not  long  since,  twenty-four  in  a  thousand.  It  has  recently  come 
down  to  fourteen  or  fifteen  in  a  thousand,  but  Mr.  Chadwick  is  not,  even  so,  content.  Good  sanita- 
tion can  do  more  than  this,  and  would  have  done  more  if  its  advocates  had  been  listened  to  and 
obeyed.  The  further  reduction  which  he  thinks  possible  would  leave  the  metropolitan  death-rate  stand- 
ing at  twelve  in  a  thousand,  and  Mr.  Chadwick  exclaims  against  the  ignorance  and  inaction  of  the 
local  administrative  authorities,  and  holds  them  distinctly  answerable  for  the  waste  of  life  and  health 
which   they  have   suffered   needlessly   to  go  on. 

"What  sanitary  science  can  effect,  where  it  has  fair  scope  allowed  it,  Mr.  Chadwick  shows  conclusively 
from  the  changes  he  has  himself  observed  in  some  of  the  large  Poor-Law  Union  schools.  The  work  in 
these  is  carried  on  under  conditions  far  from  favorable,  but  with  a  very  marked  success,  the  more  en- 
couraging on  this  account.  Many  of  the  inmates  of  these  schools  are  orphans  of  the  lowest  type,  taken 
from  the  slums,  some  with  developed  diseases  upon  them,  and  all  suffering  from  the  consequences  of 
early  neglect.  A  common  outside  death-rate  among  children  of  this  class  is  stated  by  Mr.  Chadwick  as 
twelve  in  a  thousand.  Inside  the  schools,  it  has  been  brought  down  by  successive  stages  to  eight,  to 
four,  and  finally  to  less  than  three.  The  process  has  been  an  extremely  simple  one.  The  result  has 
been  due  to  the  observance  of  what  Mr.  Chadwick  terms  rudimentary  factors  in  sanitation.  The  prem- 
ises were  first  drained  and  cleared  of  foul  sewage  smells,  and  when  this  had  been  done  the  death-rate 
among  the  children  fell  immediately  from  twelve  to  eight.  The  next  thing  was  that  the  children  were 
regularly  and  thoroughly  washed  from  head  to  foot,  a  course  followed  by  a  further  reduction  in  the 
death-rate  to  something  less  than  a  third  of  what  it  had  originally  been.  Some  further  changes  were 
made  in  the  same  direction.  The  rooms  were  better  ventilated,  and  better  bedding  and  separate  beds 
were  provided  for  the  children.  This  gave  another  reduction  to  the  less  than  three  in  a  thousand  at 
which  the  rate  now  stands.  The  children  who  had  been  dull  and  pallid  under  the  old  regime  were  now 
bright  and  fresh-looking.  Mr.  Chadwick  was  so  struck  with  the  difference  that  he  thought  the  children 
before  him  must  have  been  taken  from  a  higher  social  class  than  those  whom  he  had  previously  seen. 
This,  however,  was  not  quite  so.  There  had  been  great  improvements  in  the  school  arrangements  and 
some  improvements  in  the  low  districts  from  which  the  children  had  been  received.  To  these  two  causes 
the  whole  change  had  been  due,  and  the  conclusion  to  which  the  change  points  Mr.  Chadwick  finds  con- 
firmed on  a  larger  scale  in  civic  populations  as  far  as  like  methods  have  been  tried.  Not  less  striking  has 
been  the  result  of  improved  sanitation  in  the  military  service.  A  quarter  of  a  century  ago  the  death-rate 
in  the  Guards  was  twenty  per  thousand.  It  is  now  six  and  a  half  per  thousand,  but  still  higher  than 
it  ought  to  be.  In  the  Home  Army  it  wa~  seventeen  per  thousand,  and  is  now  about  eight.  In  the  old 
Indian  Army  it  was  sixty-nine  per  thousand,  and  it  has  been  since  brought  down,  first  to  twenty,  and  now 
to  about  fourteen.  How  much  more  may  still  be  done  is  shown  by  the  example  of  Germany,  where  the 
army  death-rate  is  between  five  and  six  in  a  thousand,  and  where  the  soldier,  after  his  three  years'  train- 
ing, comes  back  to  civil  life  with  so  improved  an  industrial  aptitude  that  he  is  worth  thirty  per  cent,  more 
in  the  labor  market  than  before.  A  high  death-rate,  it  must  be  borne  in  mind,  implies  not  only  a  waste 
of  life,  but  a  concurrent  waste  of  time  and  energy  in  consequence  of  the  greater  prevalence  of  non-mortal 
disease  which  accompanies  it  without  fail.  Nor  is  this  all.  Whether  in  sickness  or  in  health,  the  whole 
bodily  machine  is  working  at  a  lower  power.  To  diminish  the  death-rate  is  not  only  to  save  lives,  but 
to  add   health  and   vigor  to   the  survivors.     With   increased  vitality  there   is   less  temptation   than   before 
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to  some  forms  of  excess  injurious  to  health.  The  workingman  no  longer  needs,  or  fancies  that  he  needs, 
the  stimulus  of  drink  as  the  most  ready  cure  for  the  dulncss  and  depression  of  existence  at  half-power. 
He  is  a  different  man,  and  he  feels  himself  a  different  man,  in  body  and  in  mind  alike.  He  can  do  more 
work  and  better  work,  with  fewer  intervals  of  enforced  inaction.  It  is  not  only  that  he  has  prospect  of 
a  longer  life,  but  that  he  enjoys  a  life  more  worth  living  while  it  lasts.  This  it  is  which  gives  the 
figures  of  a  death-rate  their  full  significance  in  the  view  of  the  sanitary  reformer,  and  which  stamps  as  a 
crime  against   society  the   wilful    neglect   or  breach  of  known   sanitary  laws. 

"  Mr.  Chadwick  has  much  to  say  on  the  pecuniary  value  of  sanitation.  Each  life  saved  he  sets 
down  as  worth  so  much  to  the  community,  and  he  goes  on  to  calculate  the  total  amount  in  money 
which   he  considers  to   have    been  thus  gained,   or  to   have  been   lost   by  sanitary   neglect.     .     .     . 

"  Perhaps  in  this  branch  of  his  subject  he  would  have  done  better  to  keep  to  general  terms.  That 
the  actual  money  value  of  every  human  being  in  England  is  £\^<^  is  hardly  a  statement  which  carries 
conviction  apart  from  special  proof.  In  the  case  of  the  army  there  is  more  basis  for  a  calculation  of 
this  kind,  since  the  cost  to  the  state  of  each  trained  soldier  can  be  estimated  in  round  numbers  at  about 
;£'ioo.  Professor  de  Chaumont  has  taken  this  as  a  working  figure  to  show  the  large  saving  that  sanitary 
science  has  caused  by  the  lowered  death-rate.  It  does  not  need  such  an  argument  as  this  to  convince  us 
of  the  enormous  importance  of  the  reforms  which  Mr.  Chadwick  advocates,  or  rather  it  is  a  pity  to 
weaken  a  strong  case  by  introducing  into  it  such  highly  controversial  matter,  and  by  affecting  a  precision 
which  is  on  the  face  of  it  unattainable.  More  to  the  point  is  Mr.  Chadwick's  refutation  of  the  doctrine 
that  pestilence  and  disease  are  great  checks  to  the  excess  of  population,  and  that  they  are  not,  there- 
fore, the  unmixed  evils  which  sanitary  reformers  consider  them.  Pestilence,  Mr.  Chadwick  says,  is 
found  to  be  attended  by  a  rapid  augmentation  of  births,  so  that  its  result  is  not  to  reduce  the  popula- 
tion, but  to  weaken  it  and  thus  to  augment  the  proportions  of  dependent  pauperism.  We  hardly  require 
this  added  proof  of  the  value  of  sanitary  science  and  of  the  injurious  consequences  of  its  neglect;  but 
if  the  matter  is  to  be  argued  out  on  the  lowest  utilitarian  grounds,  this  is  the  best  and  most  con- 
vincing shape   in  which  the  case  can  be  presented." 


CHAPTER   II. 

SANITARY  DRAINAGE  AND  ORGANIC  WASTES. 

*T| — Reaving  the  collateral  sanitary  relations  of  surface  and  subsoil  drainage  to  be  considered  in 
«  ^  ^  those  sections  of  this  work  which  are  devoted  to  their  general  treatment,  it  will  be  well  first 
to  take  up  what  is  commonly  called  "  Sanitary  Drainage,"  or  the  removal  of  those  wastes  of  domestic 
and  industrial  life  which  are  susceptible  of  easy  transportation  in  flowing  water,  such  as  the  discharge 
of  kitchen-sinks,  water-closets,  urinals,  slop-sinks,  and  baths,  in  domestic  establishments,  and  much 
of  the  manifold  foul  liquid  outflow  of  industrial  establishments. 

These  wastes,  as  originally  produced,  are  by  no  means  always  offensive,  and  they  are  rarely  dan- 
gerous to  health.  If  removed  beyond  the  confines  of  the  town  before  their  condition  becomes  changed, 
their  inevitable  ultimate  decomposition  need  cause  no  apprehension  to  the  community  b\'  which 
they  are  produced.  Their  ultimate  disposal  should  of  course  be  so  regulated  that  no  apprehension 
need  be  felt  by  other  communities,  and  that  no  danger  or  annoyance  may  be  caused  to  those  living 
along  the  course  of  their  further  flow. 

Not  lo  attempt  a  careful  analysis  of  the  organic  constituents  of  town  sewage,  it  ma}'  be  stated  in 
general  terms  that  they  consist  mainly  of  animal  and  vegetable  products  which  have  served  their 
uses  in  the  various  economies  of  the  community ;  have  become  refuse,  and  are  ready  to  enter  upon 
the  complete  disorganization  which  is  to  prepare  their  elements  for  another  use  by  vegetable  life  and 
growth.  Their  cycle  has  been  completed,  and  they  are  about  to  begin  again  the  never-ending  round 
b)'  which,  with  the  same  material,  nature  nourishes  alternately  the  vegetable  and  the  animal  world. 

As  that  which  we  sow  is  not  quickened  unless  it  die,  so  that  which  we  discard  cannot  become  useful 
unless  its  organic  character  is  completely  destro}-ed.  It  is  in  this  inevitable  working  of  the  processes 
of  destruction  that  lies  all  or  nearly  all  of  the  danger  that  menaces  us  in  the  treatment  of  the  sub- 
stances we  have  rejected.  Their  condition,  as  they  first  leave  our  houses,  is  by  no  means  an  index  of 
their  ultimate  power  for  evil. 

The  world  at  large  is  still  firmly  bound  to  the  tradition  that  foul  odor  indicates  danger  and  that 
the  absence  of  foul  odor  indicates  safety.  Even  in  the  better  literature  of  the  subject  the  idea  still 
controls  us  that  that  which  smells  the  worst  is  that  which  chiefly  should  engage  our  careful  attention. 
The  ink  is  scarcely  dry  on  the  pages  where  some  of  the  best  sanitary  writers  have  urged  the  separation 
of  the  drainage  system  of  the  house  into  two  distinct  classes:  one  removing  only  the  product  of  water- 
closets  and  urinals,  and  the  other,  regarded  as  much  less  serious,  removing  all  other  liquid  wastes  of 
the  house. 

There  is,  in  fact,  but  a  very  slight  pretext  for  such  separation.  Under  rare  conditions,  as  during 
the  prevalence  of  diseases  of  which  the  infection  is  transmitted  by  the  discharges  from  the  bowels, 
water-closet  discharges  assume  especial  importance.  Except  in  these  rare  instances  there  is  absolutely 
no  reason  for  applj'ing  to  such  matters  any  greater  degree  of  care  than  is  given  to  other  wastes.  It 
is  well  known  to  those  who  have  studied  the  principles  of  the  subject  more  full)-  that,  "  germs  "  aside, 
it  makes  no  difference,  as  to  the  ultimate  offensiveness  or  to  the  ultimate  unhealthful  influence  of 
waste  vegetable  and  animal  matter,  whether   it   has  or  has  not   passed  through  the  human  system.     The 
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broken  meats  and  the  pot-liquor  of  the  kitchen  are  destined  to  the  same  decomposition  with  the  excre- 
ment of  the  family,  and  in  the  process  of  such  decomposition  they  become  equally  offensive  and 
dangerous. 

The  only  safe  rule  for  the  control  of  the  whole,  grows  out  of  the  fact  that  all  organic  decom- 
position may  become  dangerous,  and  that  all  organic  waste  must  be  removed  to  a  safe  distance 
before  its  decomposition   begins. 

The  proper  precautions  being  taken  to  protect  the  community  against  the  atmosphere  of  the 
sewers,  whatever  its  character,  there  need  be  no  special  care  given  to  "  disease-germs "  beyond  those 
which  the  physician  will  prescribe  in  regulating  the  conduct  of  the  sick-room. 

All  organic  decomposition  is  daiigc?'ous,  and  all  organic  waste  must  be  removed  to  a  safe  distance 
before  its  decomposition  begins. 

This  is  the  fundamental  principle  to  which  everything  else  must  yield — whether  economy,  injury 
to  property,   convenience,   or  comfort. 

If  it  is  the  purpose  of  our  working  to  improve  the  sanitary  condition  of  a  town  or  of  a  house 
there  must  be  no  compromise  with  secondary  aims  which  will  lessen  the  completeness  with  which 
this  purpose  is  secured. 

It  is  possible,  it  is  easy,  entirely  to  suppress  organic  putrefaction  within  the  limits  of  a  town. 
Being  possible,  that  end  should  be  completely  secured  at  any  practicable  cost  or  at  any  sacrifice  of 
secondary  considerations,  supposing  such  sacrifice  to  be  necessary. 

Drainage  of  houses  will  be  discussed  in  a  later  chapter.  We  assume  now  that  every  house  in  the 
community  is  so  drained  that  neither  in  the  trap  of  a  waste-pipe  too  large  for  its  work,  in  the  receiver 
of  a  water-closet,  or  in  a  grease-trap  or  kitchen-drain  is  there  ever  a  retention  of  organic  matter ;  that 
every  trap  and  waste-pipe  is  so  flushed  that  the  retention  of  filth  is  impossible,  and  that  only  clean 
water  remains  in  the  seal. 

With  such  immediate  and  cleanly  delivery  of  all  the  waste  produced  in  all  houses,  the  completion 
of  our  work,  the  final  solution  of  the  problem,  becomes  simple  and  easy. 

As  all  the  waste  channels  of  the  house  deliver  their  burden  promptly  and  completely  to  the 
sewer,  so  must  the  sewer  pass  the  burden  on  as  promptly  and  as  completely  to  its  point  of  final 
outlet  or  disposal.  This  is  the  key  of  the  whole  mystery,  and  it  may  properly  be  repeated  still  a 
third  time  that  the  one  principle  which  the  sanitary  drainer  should  never  forget  is :  the  universal 
danger  of  organic  decomposition,  and  the  universal  need  for  removing  the  seat  of  such  decomposition 
to  a  safe  distance  from  house  or  town. 

In  this  connection  I  reproduce  portions  of  the  report  with  which  I  submitted  my  plan  for  the 
sewerage  of  the  city  of  Ogdensburg,  N.  Y.,  in  1871.  While  the  advance  in  sanitary  improvements 
since  that  time  has  been  very  great,  the  statements  here  made  are,  mainly,  as  true  to-day  as  they 
were  then  : 

There  is  no  surer  inde.x  of  the  degree  of  civilization  of  a  community  than  the  manner  in  which 
it  treats  its  organic  wastes.  Aside  from  considerations  of  convenience  and  luxury,  this  has  a  direct 
bearing  on  the  question  of  public  health — the  most  important,  after  the  question  of  public  morality, 
with  which  governments  have  to  do— and  it  should  command  the  earnest  attention  of  all  who  are 
interested   in    the  welfare  of  their  communities. 

While  we  know,  thus  far,  comparatively  little  of  the  exact  causes  of  disease,  our  knowledge  at 
least  points  out  certain  perfectly  well-established  truths.  One  of  them  is  that  man  cannot  live  in  an 
atmosphere  that  is  tainted  by  exhalations  from  putrefying  organic  matter,  without  danger  of  being 
made  sick — sick  unto  death.  It  is  true  that  not  all  of  those  who  live  in  such  an  atmosphere  either 
fall  sick  or  die  from  its  effects;  but  it  is  also  true  that  not  all  who  go  into  battle  are  shot  down. 
In  both  cases  they  expose  themselves  to  dangers  from  which  their  escape  is  a  matter  of  good  fortune. 
Fewer  would   be  shot   if  none  went    into  battle,   and   fewer  would   die   of    disease   if    none    were  exposed 
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to  poisoned  air.  Our  adaptability  is  great,  and  we  accustom  ourselves  to  withstand  the  attacks  of  an 
infected  atmosphere  wonderfully  well  ;  but,  for  all  that,  we  are  constantly  in  the  presence  of  the  dan- 
ger, and  are  insensibly  resisting  its  influences,  or,  too  often,  insensibly  yielding  to  them.  Some,  with 
less  power  to  resist,  or  exposed  to  a  stronger  poison,  or  finally  weakened  by  long  exposure,  fall  sick 
with  typhoid  fever  or  some  similar  disease  that  springs  directly  from  putrid  infection.  Of  these  a 
portion  die — the  community  loses  their  services,  and  it  sympathizes  with  their  friends  in  mourning 
that,  "  in  the  wisdom  of  a  kind  but  inscrutable  Providence,  it  has  been  found  necessary  to  remove 
them  from  our  midst." 

In  this  way  we  blandly  impose  upon  Divine  Providence  the  responsibility  of  our  own  shortcom- 
ings; but,  at  the  same  time,  we  pay  the  real  penalty  in  the  loss  of  our  friends  and  in  the  constant 
risk  of  our  own  lives  and  of  our  health.  The  victims  of  typhoid  fever  do  not  die  because  God  has 
willed  that  they  should  be  removed  for  some  wise  purpose  of  His  own,  but  because  they  have  violated 
the  laws  He  has  set  for  their  guidance.  They  die,  not  by  the  act  of  God,  but  by  the  act  of  man  ; 
they  are  poisoned  to  death  by  infections  that  are  due  to  man's  ignorance  or  neglect. 

I  am  not  now  dealing  in  generalities,  and  repeating  scientific  principles  for  the  consideration  of 
the  world  at  large.  I  am  telling  you  what  it  is  of  the  greatest  importance  that  you,  who  constitute 
the  government  of  the  city  of  Ogdensburg,  should  fully  and  vitally  realize.  Your  town  is  fortunately 
situated,  and  there  is  less  in  its  site  and  its  surroundings  to  induce  disease  than  it  is  usual  to  find. 
But  all  communities  carry  with  them  the  seeds  of  their  own  dangers,  and  you  are  no  more  secure 
than  others  in  the  presence  of  these  dangers ;  your  advantage  is  that  you  have  superior  facilities  for 
removing  them. 

However  healthful  the  situation  of  your  city  may  be,  and  however  pure  the  winds  that  blow 
over  it,  you  are  not  excused  thereby  from  giving  due  attention  to  preventable  causes  of  disease.  The 
larger  the  town  promises  to  become,  and  the  more  dense  its  population,  the  more  necessary  is  it  for 
you  to  devise  proper  means  for  the  preservation  of  the  public  health.  The  one  thing  against  which 
you  must  guard  is  the  acc?iinu/afion  aiiyic/wrc,  above  ground  or  be/oiu  ground,  loifkin  the  limits  of  the 
city,  of  any  form  of  decomposing  organic  matter,   whether  of  vegetable  or  animal  origin. 

The  fact  that  you  have  got  on  thus  far  without  such  precautions  is  no  argument  against  institut- 
ing them  now.  How  have  you  got  on  ?  Have  you  had  no  deaths  from  typhoid  fever,  from  dysentery, 
from  epidemic  diarrhcea?  If  you  have,  you  have  lost  citizens  whose  lives  might  have  been  saved  by 
proper  attention  to  the  requirements  of  the  immutable  sanitary  law.  The  neglect  to  which  their  lives 
were  sacrificed  may  have  been  the  fault  of  the  city  authorities,  or  it  may  have  been  the  fault  of 
private  citizens ;  but  the  fact  that,  if  both  the  individual  and  the  public  had  known  and  had  done 
their  duty,  these  victims  might  still  be  among  you,  should  be  argument  enough  to  induce  you  to  give 
your  best  efforts,  first,  to  the  performance  of  your  ouni  duty,  and  then  to  inducing  the  individual  to 
perform  his  duty.  You  should  not  be  satisfied  with  the  present  conditions  of  health,  however  good 
they  may  be.  So  long  as  an  instance  of  preventable  disease  ever  occurs  means  should  be  taken  to 
remove  the  cause  that  induced  it.  You  should  strive  constantly  for  improvement,  and  remember  that 
the  tendency  of  increasing  population  is  always  working  against  you,  so  that  even  to  hold  your  own 
will  require  an  effort. 

It  is  not  advisable  here  to  set  forth  the  arguments  on  which  sanitarians  found  their  conviction 
that  the  above-named  diseases,  and  some  others,  are  caused  only  by  putrefying  filth ;  but  they  are 
clear  and  irrefutable.* 

The  manner  in  which  the  einanations  from  such  decomposition  reach  and  act  on  the  system  is  a 
matter  of  some  dispute;  that  they  do  act  upon  it  is  denied  by  no  one  who  has  investigated  the 
subject.  The  dangers  they  bring  in  their  train  are  precisely  such  as  the  foregoing  lines  indicate,  as  all 
may  learn  for  themselves  who  care  to  read  the  evidence.  You  have  it  in  your  power,  by  your  action, 
almost  to  annihilate  several  of  the  most  dangerous  diseases  to  which  towns  are  subject ;  while  your 
inaction  must  allow  evils  to  accumulate  which  will  very  much  increase  their  force. 

The  materials  with  which  you  have  to  contend  are  chiefly  the  following  : 

I.   Human  faeces,  or  "  niglit-soil." 

*  When  tliis  report  w;is  wrillc-n  the  relation  of  living  orsanisms  to  the  caiisition  of  siiecific  diseases  was  rather  suspected 
than  determined.  This,  however,  afficts  only  the  nu-lhod  of  the  deleterious  action  of  putrefying  filth.  It  reinforces  and  exjjlains 
that  action. 
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2.  Kitchen  and  other  household  wastes. 

3.  The  offal  of  slaughter-houses,  markets,  vegetable-stands,  etc. 

4.  In  a  lesser  degree,  the  accumulation   of  the  manure  of  animals — horses,  cattle,  and  swine. 

All  th'ese  must  be  either  completely  deodorized  and  disinfected  or  completely  removed.  In  no 
other  course  is  there  any  safety  where  dwellings  are  congregated  so  thickly  as  they  are  in  much  of 
yoiT  city  ;  nor,  indeed,  is  it  safe  to  neglect  them  in  the  case  of  single  houses. 

Did  circumstances  admit  of  a  choice  between  the  two  methods — removal  or  disinfection — I 
should  spare  no  effort  to  convince  you  that  every  consideration  points  to  the  greater  desirability  of 
the  latter.  Setting  aside  all  other  aspects  of  the  case,  the  wastefulness  of  the  plan  of  removal  is  an 
argument  which,  to  a  thrifty  community,  ought  to  be  quite  sufficient  to  condemn  it.  It  would  be 
impossible  to  give  a  precise  money  value  to  the  manurial  wastes  of  a  town  ;  but  when  we  remember 
that  not  only  all  our  food,  but  all  our  prosperity  as  well,  comes  from  the  soil;  that  the  ability  of  the 
soil  to  supply  our  needs  depends  on  ingredients  of  which  it  contains  but  very  small  amounts  ;  and 
that  every  mouthful  we  eat  contains  a  part  of  this  precious  store — then  we  shall  understand  that  money 
can  no  more  measure  the  value  of  what  we  are  losing  than  it  can  measure  the  value  of  human  life. 

So  iirmly  do  I  believe  it  to  be  wrong  to  wash  the  organic  wastes  of  our  lives  into  the  sea  that 
I  should  hesitate  ever  to  recommend  such  a  course,  were  it  not  for  the  far  greater  wrong  of  keeping 
them  in  a  putrescible  form  in  the  vicinity  of  dwellings.  It  is  only  the  choice  of  the  lesser  evil.  Loss 
of  Wealth  (and  of  the  source  of  wealth),  bad  as  it  is,  is  not  so  bad  as  the  loss  of  Health.  The  Sanitary 
consideration  is  the  first  of  all,  and,  so  long  as  we  are  too  rich  and  happy  to  care  what  becomes  of 
our  food  after  we  eat  it,  the  only  practicable  reform  must  consist  in  the  immediate  and  absolute  re- 
moval of  all  matters  which,  remaining  among  us,  would  make  us  ill  and  give  rise  to  devastating 
epidemics.  If  we  cannot  wait  the  years  it  will  take  to  have  the  public  learn  that  earth-closets  are  in 
every  way  better  than  water-closets,  we  must  make  the  best  use  we  can  of  the  water  system,  which  is 
already  popular,  and  by  its  means  we  must  make  the  work  of  purification   as  complete  as  possible.* 

Many  of  the  objections  that  hold  against  the  system  of  water-sewerage  in  most  towns  are  in- 
operative in  Ogdensburg.  Not  only  can  the  whole  city  (except  a  small  district  near  the  river)  be 
completely  drained  by  natural  fall,  but  the  foul  drainage  will  flow  directly  into  a  river  that  will  carry 
it  at  once  away — a  river  so  large  that  there  is  no  danger  of  action  ever  being  taken  by  cities  further 
down  the  stream  to  prevent  the  contamination  of  the  water.  Indeed,  the  only  considerable  objection 
that  1  can  think  of  against  carrying  out  a  properly-executed  system  of  sewerage  in  Ogdensburg  is  the 
one  item  of  its  wastefulness.  Properly  deodorized  and  applied  to  good  agricultural  land,  the  night- 
soil  of  a  town  of  ten  thousand  inhabitants  would  be  worth  at  least  $50,000  annually.  This  shows 
that  the  item  of  wastefulness  is  worthy  of  the  consideration  of  all  thoughtful  persons ;  and  there  is 
no  doubt  that,  at  some  not  very  distant  day,  its  force  will  be  realized  and  the  wasting  of  sewage 
will  be  stopped. 

In  the  meantime  there  is  no  other  practicable  plan  for  dealing  with  the  liquid  and  semi-liquid 
wastes  of  households  but  by  water-carriage— that   is,  by  removal  through  underground  sewers. 

In  making  these  we  may  almost  be  said  to  be  handling  gunpowder;  for  while  well-arranged 
and  well-constructed  sewers,  with  an  ample  supply  of  water,  are  as  nearly  perfect,  simply  for  cleansing 
purposes,  as  any  human  device  well  can  be,  yet  when  they  are  badly  arranged  and  badly  constructed 
they  become   fearful  agents  of  destruction. 

The  requirements  of  a  good  sewer  are  the  following  :  f 

I.  It  must  be  perfectly  tight  from  one  end  to  the  other,  so  that  all  matters  entering  it  shall 
securely  be  carried  to  its  outlet,  not  a  particle  of  impurity  leaking  through  into  the  soil. 

*  This  is  substantially  true  so  far  as  relates  to  thnt  portion  of  the  w.istes  of  the  town  with  which  the  earth-closet  is  capable 
of  dealing.  The  fact  was  not  then  appreciated  ;is  it  is  now  that  the  other  wastes  with  which  sewerage  deals,  notably  the  wastes 
of  the  kitchen-sink,  are  greater  in  .amount  and  almost  equ.illy  difficult  of  managcmcni.  These  cannot  be  so  successfully  treated 
in  any  other  manner  as  by  removal  in  running  water.  This  establishes  the  practical  superiority  of  the  water-carriage  system, 
and  our  efl'orls  must  be  especially  directed  to  llic  recovering  of  ihe  ninnuiial  ni,illcis  contained  in  the  sewage  by  its  propei 
treatment    after    its  removal   from    the    precincls  of  the  town. 

f  This  relates  to  the  combined  system  of  sewer.ige.  The  complete  exclusion  of  storm  water  had,  at  that  time,  nowhere 
been  secured.  Where  such  exclusion  is  practised  the  reference  to  "  settling  basins"  (H  6)  and  to  the  removal  of  rain-water  (t  7) 
do  not   apply. 
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2.  It  must  have  a  continuous  fall  from  the  head  to  the  outlet,  in  order  that  its  contents  may 
"keep  moving,"  so  that  there  shall  be  no  halting  to  putrefy  by  the  way,  and  no  depositing  of  silt  that 
would  endanger  the  channel. 

3.  It  must  be  perfectly  ventilated,  so  that  the  poisonous  gases  that  necessarily  arise,  even  when 
decomposing  matters  are  being  carried  along  in  water,  shall  be  diluted  with  fresh  air,  and  shall  have 
such  means  of  escape  as  will  prevent  them  from  forcing  their  way  into  houses  through  the  traps  in 
the  house-drains. 

4.  It  must  be  provided  with  means  for  inspection  and  for  flushing. 

5.  The  branches  by  which  it  receives  its  supply  should  be  so  regulated  as  to  admit  nothing 
that  will  be  liable  to  choke  up  the  channel. 

6  There  must  be  some  device  to  prevent  the  gases  of  the  sewer  from  rising  through  the  house- 
drains  or  through  the  street-basins. 

7.  Its  size  must  be  so  adjusted  to  its  work  that  it  will  remove  all  water  that  ordinary  rains 
bring  to   it,  and   so  that  the   usual  dry-weather   flow  shall  keep   it    free   from  silt  and   organic  deposits. 

A  sewer  that  is  deficient  in  any  one  of  these  particulars  (except  perhaps  the  last)  is  an  unsafe 
neighbor  to  any  inhabited  house,  and  a  fair  subject  for  indictment  as  a  dangerous  nuisance.  Fre- 
quently, when  the  systematic  sewerage  of  a  town  is  undertaken,  there  comes  up  the  question  of  private 
drains,  which  have  been  built  by  individual  enterprise,  which  are  really  the  property  of  private  owners, 
and  which,  owing  to  this  complication  and  to  the  fact  that  they  are  thought  to  be  good  enough  for 
temporary  purposes,  are  often  left  to  the  last. 

This  is  entirely  wrong.  TIic  first  action  of  the  authorities  sJiould  be  to  stop  all  connection  of  house- 
drains  -with  these  scivers.  The  next  should  be  to  stop  all  connection  of  house-drains  with  private  cess- 
pools. This  may  seem  to  those  who  have  not  considered  the  subject  like  an  extreme  statement ;  but 
all  who  have  studied  the  evidence  as  to  the  means  of  propagation  of  infectious  diseases  will  recognize 
its  justice.  The  health  of  the  community  would  hardly  be  more  endangered  if  the  offensive  matters 
now  sought  to  be  got  rid  of  were  allowed  to  flow,  in  the  full  light  of  day,  in  the  roadside  gutters, 
than  it  now  is  by  their  introduction  into  the  soil  from  which  the  water  of  house-wells  proceeds,  and 
by  the  accumulation  of  putrefying  masses  of  filth  in  unventilated  caverns,  whence  the  poisonous  gases 
that  are  sure  to  be  produced  find  their  way  through  the  drains  into,  or  into  the  immediate  vicinity  of, 
our  houses.  In  the  open  air  their  offensiveness  would  make  us  avoid  them  and  their  foul  emanations 
would  be  dissipated  in  the  atmosphere.  In  the  cess  pool  and  in  a  leaky  sewer  (which  is  but  an  elon- 
gated cess-pool)  they  but  too  often  find  only  one  means  of    escape — through  the  drains  into  houses. 

Many  other  instances  and  opinions  might  be  cited  in  support  of  the  assertion  that  any  form  of 
receptacle  for  filth  that  either  allows  its  gases  to  escape  into  houses,  or  taints  the  water  of  house- 
wells,  is  a  source  of  public  danger  that  should  not  be  allowed  to  e.xist  for  a  single  day.  If  we  must 
have  the  enemy  in  our  midst,  let  us  have  hini  above-board  in  plain  sight  and  smell  ;  this  business  of 
hustling  him  into  a  hole  underground  is  only  the  worst  sort  of  self-deception.  We  put  him  out  of 
sight  and .  deprive  ourselves  of  the  power  to  resist  his  assaults,  but  leave  him  with  an  unimpaired 
capacity  for  harm. 

Under  the  circumstances  of  your  city,  the  only  feasible  plan  for  improvement  seems  to  be  to 
provide  perfectly  impervious  sewers  for  the  removal  of  all  matters  which  may  safely  be  admitted  to 
them  ;  to  disinfect  and  remove  all  other  dangerous  refuse  ;  to  prohibit  the  digging  of  new  privy-vaults 
and  cess-pools  in  the  sewered  districts,  and  to  cause  those  which  now  exist  to  be  cleaned  out  and 
filled   up. 

The  use  of  proper  sewers  is  more  than  e\-cr  important  now  in  consequence  of  your  abundant 
suppl)'  of  water.  With  such  a  flood  of  water  pouring  in  upon  )-ou,  )'ou  must  provide  a  suitable  outlet 
for  it,  or  you  will  be  in  danger  from  another  class  of  diseases  which  arise  from  a  residence  on  too 
moist  a  soil.  In  the  absence  of  sewers  your  people  will  either  make  less  use  of  the  water  than  they 
otherwise  would,  or  they  will  make  the  ground  about  and   under  their  houses  too  wet  for  safety. 
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One  chief  purpose  of  the  water-supply  is  to  enable  the  people  to  introduce  water-closets  into 
their  houses  ;  but  water-closets,  baths,  etc.,  with  an  unlimited  supply  of  water  from  public  vvorivs,  will 
soon  overflow  any  ordinary  cess-pool,  and  such  an  excessive  supply  will  greatly  extend  the  area  of 
foul  saturation. 

Not  only  does  the  introduction  of  water  make  sewers  more  necessary ;  it  also  makes  their  con- 
stant cleansing  possible.  With  only  so  much  water  sent  into  them  as  the  people  would  draw  from 
wells  and  cisterns,  there  would  not  be  a  sufficient  flow  to  keep  the  channels  free  from  dangerous  ac- 
cumulations of  organic  deposit.  With  the  larger  amount  that  is  used  when  the  water  is  on  free  tap  in 
every  house  that  is  connected  with  the  sewers,  not  only  will  these  (if  properly  constructed)  be  kept 
clean,  but  all  matters  entering  them  will,  within  a  few  hours,  be  washed  to  their  outlets. 

It  is  hardly  necessary,  in  presenting  an  argument  in  favor  of  sewers,  to  mention  the  obvious  fact 
that,  in  connection  with  your  capital  water  system,  they  will  enable  every  householder,  at  trifling  cost, 
to  have  the  luxury  of  a  cleansing  flow  of  water  on  every  floor  of  his  house.  This  alone  must  be 
enough  to  make  the  sewerage  movement  a  popular  one. 

Almost  the  most  important  of  all  the  points  to  be  considered  in  making  a  plan  of  sewers  is  to 
select  such  points  of  outlet  as  shall  secure  the  removal  of  the  waste  matters  beyond  the  possibility 
of  affecting  the  purity  of  the  atmosphere  of  the  town  by  their  accumulation  and  decomposition.  They 
should,  wherever  practicable,  be  delivered  into  a  very  rapid  stream,  so  that  they  will  be  at  once  mixed 
with  a  large  quantity  of  water  and  carried  well  away  from  the  city ;  or  into  deep  water  at  a  point 
where  its  current  will  soon  carry  them  to  a  safe   distance. 

It  is  not  within  the  strict  line  of  my  duty  as  an  engineer  of  drainage  to  make  suggestions  as  to 
the  general  cleansing  of  your  town  ;  but  it  follows  as  a  natural  deduction  from  the  foregoing  line  of 
argument  that  all  stables  in  the  city  should  be  made  subject  to  the  public  right  of  inspection  ;  that 
the  keeping  of  swine  in  the  built-up  portions  of  the  city  should  be  entirely  prohibited  ;  and  that  no 
manner  of  privy-vault  should  be  allowed  to  be  made,  either  above  or  below  ground,  unless  as  an 
earth-closet,  constructed   and  managed  in  accordance  with   regulations  provided   for   such  cases. 

In  considering  the  method  to  be  adopted  for  getting  rid  of  the  wastes  of  a  town,  let  us  for  a 
moment  lay  aside  all  that  we  have  learned  by  tradition  and  approach  the  proposition  as  though  it 
were    an    entirely    new    one — one   that    has    never    been    solved    before. 

Given  a  town  in  which  all  of  the  houses  deliver  at  the  outlet  of  their  drains  the  wastes  of  water- 
closets,  baths,  latrines,  sinks,  and  laundries  in  a  fresh  condition,  borne  by  an  abundant  volume  of  water, 
what   is   the   best  way   to   get   this  overloaded   water   away    from   the   houses   and   well  out   of  the  town  ? 

If  we  had  never  heard  of  a  sewer,  had  never  even  heard  of  the  use  of  pipes  for  such  work,  our  first 
attempt  would  doubtless  be  to  carry  the  drainage  away  in  surface-gutters.  The  untidiness  and  occa- 
sional inconvenience  of  such  a  course,  and  its  questionable  propriety  from  a  sanitary  point  of  view, 
would  lead  probably  to  the  use  of  covered  conduits,  but  perhaps  not  until  we  had  given  full  and  suffi- 
cient trial  to  some  system  of  perfectly  smooth  gutters,  like  hewn-stone  troughs  or  cast-iron  channels, 
through    which    the    removal    would    be    more  rapid    and    complete. 

If  this  improvement  of  the  gutters  were  an  intermediate  step,  we  may  be  sure  that  the  covered 
conduit  to  which  we  might  finally  arrive  would  afford  a  perfectly  smooth  waterway;  and  as  our  smooth 
artificial  channel  would  have  shown  the  space  required  to  carry  the  flow,  our  sewer  would  doubtless  be 
made  a  small  one.  That  we  should  reach  anything  so  small  as  six-inch  or  eight-inch  pipes  is  by  no 
means  certain  ;  but  that  we  should  make  the  initial  sewer  so  large  even  as  two  or  three  feet  in  diameter 
is    not    to    be    supposed. 

However,  this  is  pyre  fancy.  We  cannot  approach  the  subject  as  a  new  one,  nor  can  we  divest 
ourselves  completely  of  the  influence  of  tradition.  All  that  we  can  do,  taking  the  art  and  the  com- 
munity as  we  find    them,   is  to   study  the   best    means   fur  attaining  the  end   in   view. 

The,  end  in  view  being  complete  and  immediate  removal,  we  shall  probably,  if  we  have  that  end 
alone   in'  view,   soon   fix  upon   the  construction  of  small   sewers. 
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We  shall  take  a  conduit  which,  while  being  large  enough  to  accommodate  the  stream  we  have  to 
send  through  it,  and  never  so  small  as  to  give  rise  to  undue  danger  of  obstruction  or  great  difficulty  of 
removal  in  case  of  obstruction,  shall  not  be  too  large  to  secure  the  best  velocity  and  scourin"-  force  of 
the  stream  it  is  intended  to  carry. 

In  short,  immediate  removal  being  our  only  aim,  we  shall  disregard  all  extraneous  and  collateral 
questions,  and  shall  adopt  such  means  as  will  secure  our  immediate  end  most  efificiently,  most  economi- 
cally, and  with  the  greatest  possible  freedom  from  objections.  We  shall  establish  such  means  for  a 
regular  and  periodic  cleansing  of  the  whole  system  of  pipes  as  shall  insure,  so  far  as  possible,  the 
removal  of  deposits  before  they  shall  have  had  time  to  enter  upon  a  stage  of  decomposition.  We 
shall  establish  such  means  for  the  frequent  and  easy  inspection  of  the  working  of  our  system  as  shall 
protect  us  against   "  the  beginning  of  evil." 


CHAPTER  III. 

THE  SYSTEM  :   COMBINED,   OR  SEPARATE. 

*^  'HE  combined  system  is  one  with  which  all  towns  are  more  or  less  familiar.  It  consists  of  a 
^— '  single  set  of  sewers  calculated  to  receive  and  carry  away  a  certain  proporlion  of  the  storm- 
water  flowing  on  the  surface,  and  all  of  the  house-drainage  and  industrial  waste  produced  along  the 
lines  of  streets  where  sewers  are  laid,  and  to  receive,  by  incidental  porosity,  or  through  joints  purposely 
left  open,  the  surplus  water  of  the  subsoil.  Mechanically  considered,  it  performs  all  of  these  offices  in 
a  satisfactory  manner,  and  it  seems  to  comply  with  the  leading  requirements  of  purely  engineering  con- 
siderations. It  keeps  water  from  rising  out  of  the  ground  into  cellars  ;  it  gets  out  of  sight  "  and  out 
of  mind "  the  waste  flow  of  house-drains ;  it  prevents  sidewalks  and  streets  from  being  overflowed 
during  ordinary  storms,  and  generally  gets  rid  of  the  surplus  water  of  the  town,  clean  or  foul,  with  a 
considerable   degree  of   completeness. 

Its  drawbacks  are  these:  i.  The  means  provided  for  the  admission  of  subsoil  water  into  the 
sewer,  which  are  active  in  the  right  direction  when  the  soil  is  saturated,  become  active  ///  tlic  ivroug 
direction  when  the  ground-water  descends  below  the  level  of  the  sewer,  as  in  time  of  drought ;  then  sew- 
age-water leaks  out  of  the  sewer  into  the  ground,  which  it  taints  with  its  impurities.  The  water  so  lost 
from  the  sewer  is  taken  from  the  current  which  should  be  kept  in  the  sewer  to  maintain  a  cleansing 
volume  of  flow.  If  the  amount  leaking  out  is  considerable,  the  solid  matters,  which  without  such 
loss  would  be  carried  along,  are  stranded  in  the  sewer.  2.  In  order  to  provide  for  the  removal 
of  storm-water,  the  sewers  are  made  larger  than  is  required  for  the  removal  of  house-drainage 
only,  so  that  during  the  intervals  between  storms  a  stream  which  would  be  sufficient  to  keep 
the  sewer  clean  if  its  diameter  were  small  is  spread  out  very  thin  over  a  broad  bottom  —  unless 
narrow  inverts  are  used  —  and  loses  its  power  to  keep  it  clean.  The  sewer  being  large,  its  air-space 
is  large  and  the  ordinary  means  of  ventilation  fail  to  change  its  contents  with  sufficient  frequency 
and  completeness  to  prevent  the  accumulation  of  foul  gases.  3.  Surface-water  flowing  in  from  the 
street  carries  with  it  sand  and  rubbish  of  various  sorts,  which  remain  in  the  sewer  to  a  greater  or  less 
extent.  Each  accumulation  of  such  matter  forms  a  nucleus  for  the  deposit  of  the  solid  parts  of  the 
house-drainage,  and  most  combined  sewers  are  rarely  without  such  deposits,  of  greater  or  less  amount, 
in  a  state  of  putrefaction,  leading  to  great  foulness  of  the  unfrcquently  changed  atmosphere.  As  these 
sewers  are  in  communication  with  houses,  they  have  a  "  back-action "  in  the  way  of  a  tendency  tc 
deliver  foul  and  infected  air  {vislgo,  "  sewer-gas " )  to  the  interior  of  houses.  4.  As  combined  sewers 
are  made  so  foul  in  the  way  above  described  that  their  atmosphere  must  be  trapped  away  from  the 
street,  and  as  it  is  important,  in  order  to  reduce  the  amount  of  foul  deposits,  to  keep  street  rubbish 
out  of  them,  their  inlets  from  the  gutter  are  shut  off  by  trapped  catch-basins.  These  become  the 
receptacle  of  sand,  .straw,  chips,  mud,  horse-manure,  and  other  substances,  which  form,  especially  during 
warm  weather,  a  stinking,  rotten  source  of  local  infection.  The  nuisance  thus  produced  is  almost 
universal  and  is  well   known  and  much  complained  of. 

This  system  is  in  almost  universal  use  in  England  and  on  the  Continent  of  Europe.  Reference 
is  made  in    future   chapters  to   some   of  its  best    examples.     While   I   am   myself  more   than   ever  satis- 
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fied  with  tlie  working  of  my  own  "  separate "  s)-stem  and  with  its  manifest  advantages  over  the 
partially  separate  system  of  England  for  use  in  the  great  majority  of  cases,  especially  in  small 
towns  and  in  towns  where  the  question  of  disposal  is  a  difficult  one,  I  think  I  am  by  no  means  blind 
to  the  special  advantages  and  the  economy  to  be  secured  in  certain  rare  cases  by  the  partial  use 
of  the  combined  system.  I  think  it  is  generally  unwise  to  make  a  combination  of  foul  water  and 
surface-water.  I  have  not  yet  had,  nor  do  I  hope  soon,  if  ever,  to  have,  the  general  concurrence  of 
those  members  of  the  engineering  profession  who  have  grown  up  in  the  traditions  of  the  crude  art  of 
town    sewerage    under    the   combined    system. 

Their  case  is  sometimes  a  strong  one,  and  it  is  often  well  presented.  Much  the  most  compre- 
hensive, reasonable,  and  temperate  discussion  of  this  question,  from  the  adverse  point  of  view,  is  to 
be  found  in  a  paper  by  Eliot  C.  Clarke,  C.E.,  Principal  Assistant  Engineer  in  charge  of  Improved 
Sewerage,  Boston,  published  in  the  Public  Health  Supplement  of  the  Second  Annual  Report  of  the 
State  Board  of  Health,  Lunac}',  and  Charity  of  Massachusetts.  As  covering  both  sides  of  the  question 
with  sufficient  completeness  I  reproduce  here  a  summary  of  it,  and  my  reply  to  Mr.  Clarke  published 
in  1882  in   the  American   Architeet. 

As  Mr.  Clarke,  on  the  whole,  favors  the  combined  system,  the  importance  of  the  subject  to  the 
general  public  makes  it  desirable  that  his  argument  should  be  carefully  reviewed.  He  begins,  afler 
referring  to  the  uncertainty  among  engineers  as  to  the  proper  size  to  be  given  to  sewers,  by  stating 
the  claims  set  up  by  those  who  advocate  the  separate  system,  and  these  claims  he  discusses  seriatim. 
(The  quotations  in  this  paper,  when  not  otherwise  credited,  are  from  the  document  under  discussion.) 

"  I.  The  primary  object  of  sewerage— the  all-important  and  only  essential  requirement  of  it — is  the 
removal  of  sewage  proper,  that  is,  of  water  holding  in  solution  or  suspension  waste  organic  matters 
liable  to  decompose  and  become  noxious.  All  other  functions  are  comparatively  unimportant  and 
secondary,  and  should  not  be  permitted  to  lessen   its  adaptability  to  the  essential  purpose." 

This  does  not  state  the  case  as  I  should  state  it.  The  primary  object  of  sewerage  is  the  removal 
of  fouled  waste  waters  and  of  subsoil  water ;  that  is,  of  the  water  which  fills  the  interstices  of  the  soil, 
which  finds  its  way  by  gravitation  into  the  foundations  and  cellars  of  houses,  which  gives  an  unstable 
foundation  for  pavements,  and  which  on  sloping  ground  is  discharged  at  the  surface.  In  discussing 
this  point  Mr.  Clarke  says:  "It  is  also  true  that  sometimes  the  removal  of  surface  and  subsoil  water 
is,  if  not  an  equally  essential,  still  an  essen'ial  requirement,  and  both  for  sanitary  and  economic  reasons 
is  usually  an  important  function  of  a  sewerage  system."  The  sanitary  argument  in  this  case  applies 
almost  exclusively  lo  subsoil  water.  He  says  that  sewers  are  often  built  into  ihinly  settled  regions  "in 
order  to  expedite  the  removal  of  rain  and  soil  waters.  The  danger  from  a  damp  soil  and  subsoil  is 
not  less  real,  though  possibly  less  in  degree  and  less  easily  traced  to  its  source,  than  that  from  the 
proximity  of  sewage."  This  is  quite  true  and  is  a  fundamental  basis  of  all  acceptable  practice  in  sepa- 
rate sewerage.  He  then  refers  to  the  oft- quoted  statement  that  chemical  analysis  detects  little  differ- 
ence in  impurity  between  water-closet  matter  and  sewage  from  which  excrement  is  excluded.  Even 
where  excrement  is  withheld  from  the  sewers,  kitchen-waste  is  admitted,  with  much  household  rubbish 
and  garbage.  The  materials  thus  admitted  are  of  precisely  the  same  chemical  composition  as  those 
which  have  gone  into  the  human  system  to  yield  excrement  as  one  of  their  products  ;  and,  on 
their  decomposition,  they  are  still  substantially  the  same.  It  is  impossible  to  determine,  from  the 
odor,  appearance,  or  analysis  of  the  contents  of  an  old  cess-pool,  whether  excrement  has  been  discharged 
into  it  or  not.  It  is  doubtless  true,  as  stated,  that  much  horse-manure  and  other  filth  is  washed  into 
public  sewers;  but  it  is  also  true  that  it  ought  to  be  kept  out  of  them,  and  that  with  proper  paving 
and  street  cleaning  a  safer  and  more  profitable  disposal  of  these  substances  would  follow  as  a  matter 
of  course.  It  is,  therefore,  not  in  point  to  say:  "Certainly  this  first  portion  of  rain,  loaded  as  it  is 
with  impurities,  the  droppings  of  animals,   and  much  other  organic   refuse,   is  as  obnoxious  as  an  equal 
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amount  of  ordinary  sewage,  and  equal  care  should  be  taken  to  get  rid  of  it."  It  is  also  not  in  point 
to  adduce  this  argument  at  all  unless  it  is  a  question  of  ultimate  disposal  of  the  wastes  of  a  town. 
Whether  this  street  rubbish  is  removed  by  sewers  or  by  carts,  it  had  better  not  be  brought  into  com- 
munication with  house-drains,  as  it  is  in  the  combined  system  of  sewerage. 

"  2.  The  amount  of  polluted  water-supply  from  any  district  is  so  insignificant  in  proportion  to  the 
quantity  of  rain-water  falling  on  it  during  rain-storms  that  sewers  designed  for  receiving  storm-waters 
are  thereby  impaired  as  to  their  efficiency  for  conveying  sewage,  because,  being  much  larger  than 
would  otherwise  be  necessary,  the  depth  and  velocity  of  the  ordinary  flow  is  less."  This  statement  is 
too  mild.  We  maintain  that  storm-water  sewers  are  inefficient  for  conveying  sewage  for  the  reason 
stated,  and  for  the  further  very  important  reason  that  they  become  obstructed  with  mud,  stones,  brick- 
bats, sticks,  leaves,  and  other  road  rubbish  which  is  washed  into  them  through  the  catch-basins,  and 
that  the  foul  sewage  from  houses  is  arrested  by  these  obstructions  and  remains  in  the  sewer  to 
putrefy.  To  equalize  the  depth  and  velocity  of  flow  Mr.  Clarke  suggests  that  the  bottom  of  a  large 
sewer  (egg-shaped)  may  be  given  the  same  radius  as  a  pipe-sewer.  This  would,  of  course,  give  the 
same  depth  to  the  ordinary  current  of  house-sewage,  provided  the  obstructing  materials  above  referred 
to  as  coming  from  the  streets  can  be  excluded,  which,  in  the  combined  system,  they  are  not  and 
cannot  be.  He  says:  "In  order  that  the  floating  bodies  may  not  strand,  the  centre  depth  should 
probably  be  at  least  three  inches."  This  depends  on  the  diameter  and  inclination  of  the  sewer,  and 
on  the  character  of  the  floating  bodies.  In  a  six-inch  pipe  laid  on  an  inclination  of  i  in  250,  where 
the  ordinary  flow  near  the  upper  end,  when  a  bath  or  water-closet  is  discharged,  is  found  in  practice 
to  be  less  than  half  an  inch  deep,  some  solids  brought  into  a  sewer  by  such  a  stream  are  stranded. 
Such  stranded  bodies  are  carried  forward  by  a  discharge  from  a  flush-tank  or  otherwise  which 
increases  the  depth  of  flow  to  one  inch  (I  speak  from  observation,  not  from  actual  measurement). 
After  the  point  is  reached  where  the  constant  flow  is  an  inch  deep,  there  seems  to  be  no  stranding 
of  matters  delivered  into  "  separate "  sewers.  In  a  "  combined "  sewer  constructed  with  a  lower 
cross-section  equal  to  that  of  a  six-inch  pipe,  the  rubbish  brought  to  it  from  catch-basins  would 
doubtless  require  the  full  three-inch  stream  prescribed  and  more.  This  diff'erence  is  a  constant 
one  as  applied  to  the  two  systems,  and  its  collateral  relations  have  a  bearing  on  other  important 
elements  of  the  discussion.  It  seems  to  me  that  Mr.  Clarke  has  made  the  mistake  of  assuming  that 
the  substances  to  be  flushed  out  of  the  sewers  are  the  same  in  both  cases,  and  that  in  both  cases 
the  same  flushing  force  is  required. 

Much  importance  is  attached  in  his  argument  to  the  fact  that  large  sewers  of  low  grade  will, 
during  heavy  storms,  run  half-full,  and  that  such  a  flow  will  flush  them  completely.  This  is  true  ; 
but  it  is  also  true  that  at  the  tail  of  the  storm  fresh  obstructions  come  in  from  the  street,  that  such 
cleansing  storms  occur  but  rarely,  that,  even  for  many  weeks  together,  there  is  an  increasing  accumu- 
lation in  storm-water  sewers  of  putrefying  substances  awaiting  removal,  and  that  these  in  the  mean- 
time undergo  an  offensive  and  dangerous  decomposition.  Such  decomposition  results  from  a  radical 
and  inadmissible  defect  in  every  sewer  in  which  it  takes  place.  If  anything  approaching  sanitary  per- 
fection is  to  be  hoped  for,  this  condition  must  be  rendered  impossible.  Organic  wastes  lodging  in  the 
sewer  must  be  swept  clean  out  of  it  within  twenty-four  hours  or  less.  If  left  for  a  longer  interval 
tliey  begin  to  do  mischief.  If  removed  within  this  interval  they  are  of  no  consequence.  This  propo- 
sition, I  think,  will  be  accepted  by  all  sanitarians  as  a  sound  one.  The  conditions  indicated  may  be 
secured  with  the  largest  combined  sewers  as  completely  as  with  separate  sewers ;  but  in  the  one  case 
we  need  the  trifling  amount  of  water  required  to  transport  what  enters  the  sewers  from  the  water- 
closets  and  kitchen-sinks  of  a  house;  in  the  other  we  need  the  great  volume  necessary  to  fill  the 
sewer  to  such  a  height  as  to  secure  a  cleansing  velocity  not  only  with  reference  to  household  wastes, 
but   with    reference   also    to    the   sticks   and    stones   and    rubbish   washed    in    from    the   streets,  some   of 
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which  generally  fail  of  removal,  even  during  storms,  and  remain  to  accumulate  organic  matters  in 
greatly  increased  quantity.  For  the  efficient  performance  of  the  necessary  service  in  the  case  of  large 
combined  sewers,  we  need  more  water  than  it   is  practicable  to  use. 

Reference  is  made  to  the  analysis  of  the  atmosphere  of  a  foul  sewer  in  Boston  which  failed  to 
detect  a  dangerous  degree  of  pollution.  This  point  will  be  referred  to  hereinunder  in  connection  with 
Mr.  James  T.  Gardiner's  report  to  the  State  Board  of  Health  of  New  York.  Concerning  the  evidence 
of  this  analysis  and  other  points  which  it  is  assumed  that  "  some  zealous  advocates  of  the  combined 
system "  might  raise,  Mr.  Clarke  says  :  "  These  arguments  have  considerable  force  ;  and  the  answer  to 
them  is  tiiat,  however  slight  the  risk  from  deposits  in  sewers  may  be,  still,  as  it  is  a  risk  affecting 
health  and  even  life,  it  is  not  right  to  impose  it  upon  a  community  if  it  can  be  avoided."  It  can  be 
avoided. 

The  opinion  is  expressed  that  the  daily  flushing  practised  with  the  Memphis  sewers,  "  as  it  is 
equally  adapted  to  large  as  to  small  sewers,  may  wisely  be  adopted  for  sewerage  systems  constructed 
on  the  combined  system."  It  is  not  equally  adapted  to  the  combined  system,  for  reasons  fully  set 
forth  above. 

"  3.  The  small  sewers  of  the  separate  system  are  more  easily  cleansed  by  flushing."  Mr.  Clarke 
enumerates  as  the  substances  which  need  to  be  flushed  out  of  sewers :  household  refuse  of  various 
sorts,  some  manufacturing  refuse,  and  fine  sand  ivliich  luorks  its  ivay  through  joints.  In  addition  to  these 
in  the  combined  system,  "road  detritus,  gravel,  leaves,  twigs  of  trees,"  etc  He  describes  the  action 
of  the  flush-tanks  at  Memphis,  and  says  that  "  if,  instead  of  these  six-inch  sewers,  larger  ones  for  rain 
had  been  built  on  the  same  inclinations  and  with  their  bottoms  shaped  like  those  of  the  six-inch  pipes, 
the  same  quantity  of  water  applied  in  the  same  manner  would  have  produced  a  precisely  similar 
effect."  In  this  he  overlooks  the  added  matters  to  be  flushed  out  in  the  case  of  sewers  connected 
with  streets,  which,  it  is  fair  to  presume,  would  prevent  "  a  precisely  similar  effect."  He  shows  that  a 
flushing  velocity  may  be  produced  in  a  twelve-inch  pipe  at  a  depth  of  three  inches,  with  a  moderate 
increase  in  the  amount  of  flushing-water,  and  that  this  effect  may  be  produced  at  a  somewhat  lower 
inclination.  He  does  not  say  that  the  effect  would  continue  for  so  great  a  distance,  and  it  would  not. 
He  says  that  at  the  usual  inclinations  twelve-inch  pipes  have  the  great  advantage  over  six-inch  pipes 
that,  by  increasing  the  quantity  used  until  they  are  made  to  flow  half-full,  a  flushing  velocity  may  be 
secured  with  slopes  about  one-third  as  steep.  The  amount  of  water  needed  will  be  about  four  times 
as  much,  and  where  economy  of  water  is  important  the  flush-tanks  may  be  worked  with  sewage.  All 
this  is  true  ;  but  the  point  at  which  the  ordinary  flow  of  house-waste  would  have  a  sufficient  depth  to 
carry  ordinary  solids  would  in  the  twelve-inch  pipe  be  removed  to  a  very  much  greater  distance,  and 
the  quadruple  quantity  of  flushing-water  delivered  at  the  head  of  the  sewer  would  have  lost  its  flush- 
ing effects  long  before  this  distance  was  passed.  He  says  that  sewers  may  have  their  flow  dammed 
back  by  gates  to  the  height  of  the  house-drains,  but  not  much  higher  for  fear  of  setting  back  the 
sewage  into  cellars,  and  that,  therefore,  the  larger  the  sewer  the  greater  the  flushing-head.  This  does 
not  necessarily  hold,  for  if  the  small  sewer  is  laid  at  the  same  depth  as  the  large  one  its  flow  may  be 
dammed  back  even  into  man-holes  and  house-drains  to  the  snnn-  height  above  the  grade  as  in  the  case 
of  the  large  sewer.  That  is,  it  is  not  the  diameter  of  the  sewer,  but  the  distance  between  the  bot 
tom  of  the  sewer  and  the  level  of  the  cellar,  which  regulates  the  flushing-head.  It  is  true  that  flush- 
ing by  this  means  will  act  for  a  shorter  time  and  for  a  shorter  distance  (below  the  gate)  because  of 
the  less  quantity  of  water  retained ;  but  it  is  also  true  that  the  occasion  for  flushing  is  less  with  the 
separate  sewer  than  with  the  combined  one.  He  says:  "After  placing  a  dam  in  either  sewer,  on  re- 
moving it  the  sewage  accumulated  in  the  larger  sewer  falls  four  times  as  far,  ami  is  opposed  by  only 
one-fourth  as  much  surface  in  proportion  to  the  amount  of  falling  water,  as  in  the  smaller  one.  Neither 
the  main   nor    the    branch    sewers,  therefore,   of    a    separate  system   can    be   as  effectively  flushed   as  the 
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larger  one  of  a  combined  system."  This  assumes  that  the  head  must  be  regulated  by  the  diameter 
of  the  sewer.  As  it  is  to  be  regulated  by  the  difference  of  elevation  between  the  sewer  and  the  cellar, 
it  does  not  hold.  The  main  and  lateral  sewers  of  the  separate  system  require  much  less  flushing  than 
do  those  which  receive  street-rubbish,  and  they  can  be  as  effectively  flushed  as  the  larger  ones.  Refer- 
ring to  the  use  of  the  "  pill,"  he  says :  "  This  method  is  said  to  have  worked  well,  both  in  large 
siphons  and  in  pipe-sewers,  but  it  has  hardly  been  in  use  long  enough  to  afford  definite  conclusions 
as  to  its  general  applicability  and  effectiveness.  It  is  equally  adapted  to  the  sewers  of  either  system." 
This  method  is  said  to  have  worked  well  by  all  who  have  tried  it,  including  Belgrand,  who  used  it  in 
the  Paris  siphons  years  ago;  Major  Humphreys,  who  has  used  it  regularly  in  Memphis;  and  Mr.  Fow- 
ler, who  has  adopted  it  as  a  main  reliance  in  the  flushing  of  the  sewers  of  New  Haven.  Simple 
devices  demonstrate  their  efficiency  at  once,  and  this  system  of  cleansing  circular  sewers  has  been  in  use 
long  enough  to  demonstrate  its  efficiency.  The  demonstration  is  instant.  One  need  only  to  observe 
it  once  to  be  convinced  of  its  utility.  It  is  not  equally  adapted  to  combined  sewers,  although  used 
with  them,  because  these  much  oftener  contain  solid  obstructions  which  require  the  pill  to  be  helped 
in  its  passage.  Among  the  substances  causing  obstructions  in  sewers  Mr.  Clarke  mentions  those  which 
catch  on  projecting  pieces  of  cement:  in  pipe-sewers  with  gasketed  joints,  as  in  Memphis,  there  are  no 
such  projecting  pieces  of  cement.  In  all  my  experience  I  have  known  of  no  instance  in  which  grease 
runs  in  a  liquid  state  "a  hundred  feet  or  more"  to  congeal  on  reaching  the  sewer.  In  the  discussion 
on  Odell's  description  of  the  Memphis  work,  at  a  meeting  of  the  American  Society  of  Civil  Engineers, 
the  distance  to  which  grease  passes  in  the  house-drain  before  congealing  was  limited  to  a  few  feet. 

"  If  the  sewers  are  large  enough  to  enter — that  is,  over  two  feet  in  diameter — there  is  little  difficulty 
in  removing  obstructions;  if  smaller,  the  work  must  be  done  by  means  of  rods  and  chains,  pushed  or 
drawn  from  one  man-hole  to  another,  at  an  expense  many  times  greater  than  that  of  flushing.  In 
either  case  the  work  will  be  more  easily  accomplished  in  the  larger  sewers  of  the  combined  system." 
From  a  report  of  the  discussion  of  the  Memphis  system  at  the  meeting  of  the  Sanitary  Institute  of 
Great  Britain,  1880,  I  quote  the  following  as  to  the  remarks  of  the  president  of  the  Engineering 
Section,  Robert  Rawlinson,  Esq.,  C.E. : 

"  They  were  told  by  one  of  our  present  great  engineers  that  sewers  should  be  large  enough  for 
men  to  get  into  to  clean  them  out.  Well,  all  he  could  say  was  that  the  Legislature  had  passed  a 
law  to  prevent  boys  going  up  chimneys,  and  he  hoped  a  law  would  be  passed  to  prevent  men  from 
going  into  sewers  to  clean  them  out.  He,  for  one,  would  not  have  the  blood  of  men  who  were  killed 
in  this  work  upon  him.  He  mentioned  instances  of  places  sewered  on  the  principle  laid  down  in  the 
paper  with  marked  success.     He  moved  a  vote  of  thanks  to  Col.  Waring." 

"  4.  Large  sewers  develop  and  contain  a  greater  quantity  of  noxious  gas  than  small  ones,  and 
are  not  so  easily  ventilated." 

This  would  be  properly  stated  if  the  expression  were  "  small  flushed  ones."  Mr.  Clarke  bases  his 
argument  in  opposition  to  this  statement  on  the  fact  that  the  objection  to  sewer-gases,  or  rather  their 
ofTensiveness,  depends  on  concentration,  large  sewers  having  an  advantage  over  the  small  ones  because 
of  the  larger  volume  of  air  to  be  contaminated  by  a  given  amount  of  exhaling  surface.  This  would 
be  correct  if  both  sewers  were  closed.  Supposing  both  to  be  ventilated  by  the  same  openings,  it 
would  then  be  rather  a  question  of  the  rapidity  with  which  the  whole  atmosphere  of  the  sewer  is 
renewed,  and  this  certainly  must  be  greater  with  small  sewers  than  with  large  ones.  "  It  is  possible 
that  small  sewers  may  be  more  easily  ventilated  than  large  ones,  but  there  has  been  little  experiment 
to  verify  theories  on  this  point."  He  seems  always,  when  the  indicated  probabilities  are  not  favorable 
to  large  sewers,  to  fall  back'  on  the  shortness  of  time  during  which  experiments  opposing  his  theory 
have  been  carried  out.  There  has  been  ample  experience  during  many  years  to  show  that  clean, 
small   sewers  — often    clean    because  small — contain  a  much  less  offensive  atmosphere  than  do  larger  ones. 
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The  sewers  of  Memphis  have  now  been  in  use  for  eight  years  ;  for  nearly  this  period  they  have  been 
very  largely  used.  There  have  been  frequent  occasions,  as  in  makiaig  new  house-connections,  to  open 
them,  and  the  condition  of  their  air  is  perfectly  known  to  all  who  have  had  to  do  with  them.  From 
the  "sewer-gas"  standard  they  are  absolutely  pure.  As  they  carry  offensive  matters,  they  have,  of 
course,  a  perceptible  odor;  but  in  no  part  and  under  no  circumstances  do  they  give  off  the  odor 
of  decomposition  or  anything  even  suggesting  the  smell  of  an  ordinary  sewer.  That  the  system  of 
ventilation  through  soil-pipes,  which  is  there  universal,  would  enormously  modify  the  atmosphere  of 
any  tolerably  clean  sewer  is  undoubted.  Mr.  Clarke  says  that  such  ventilation  "is  not  usually  con- 
sidered good  practice."  In  this  I  cannot  agree  with  him.  For  the  sake  of  the  house-pipes  themselves 
as  well  as  of  the  sewers,  I  think  it  is  easily  demonstrable  that  such  thorough  ventilation  is  always 
desirable. 

Attention  has  been  directed  to  this  question  by  the  report  of  Mr.  James  T.  Gardiner,  Director  of 
the  New  York  State  Survey,  and  member  of  the  State  Board  of  Health,  who  considers  the  question 
in  the  light  of  recent  physiological  investigations.     He  says,  speaking  of  storm-water  sewers. 

"  The  storm-water  falling  per  hour  in  violent  rains  over  an  acre  of  closely  built-up  city  land  is 
nearly  fifty  times  the  amount  of  the  waste-water  and  sewage  produced  per  hour  on  the  same  area. 
The  sewage  is,  therefore,  ordinaril}'  a  mere  trickling  thread  in  the  bottom  of  a  sewer  large  enough  to 
carry  off  great  bodies  of  storm-water.  In  time  of  rain  the  sewer  will  be  nearly  or  quite  full  of  diluted 
sewage,  which  is  absorbed  by  the  bricks  and  leaves  a  coating  on  them  as  the  water  falls.  The  power- 
fully flowing  stream  of  storm-water  on  subsiding  deposits  silt  in  the  bottom  of  the  sewer,  which  obstructs 
the  flow  of  sewage,  giving  it  time  to  decompose.  Foul  gases  are  then  emitted,  and  it  has  been  popu- 
larly assumed  that  these  gases,  called  '  sewer  gas,'  are  the  cause  of  disease. 

"  Physicians  are  agreed  upon  the  fact  that  air  from  sewers  passing  into  a  dwelling  is  very  likely 
to  produce  serious  disease.  That  this  illness  is  due  to  a  gas  from  decomposing  sewage  is  a  mere 
assumption  unsupported  by  proof.  But  the  hypothesis  was  hastily  adopted  by  engineers,  who  naturally 
inferred  that  the  healthfulness  of  large  sewers  would  be  secured  if  they  could  only  drive  out  or  suffi- 
ciently dilute  this  gas  by  ventilating  the  sewer,  or  prevent  its  formation  by  keeping  the  stream  of 
sewage  flowing  uninterruptedly.  The  discussion  of  the  subject  b}'  Mr.  Eliot  Clarke  in  the  Massachu- 
setts Board  of  Health  report,  and  the  opinion  of  other  engineers  who  favor  large  sewers,  seem  to  be 
based  on  this  idea. 

"It  is  time,  therefore,  to  call  attention  to  the  fact  that  no  such  gas  as  '  sciccr-gas'  exists,  and  that 
//wrc-  IS  absolutely  no  proof  that  the  diseases  zvhieh  attend  the  admission  of  seiver-air  into  a  dwelling  are 
produced  by  gases.  On  the  contrary,  the  whole  tendency  of  modern  investigation  is  to  show  that  the 
zymotic  diseases  are  produced  by  bacteria,  whose  germs  arc  developed  under  favorable  conditions. 
It  is  well  known  that  the  most  favorable  conditions  for  the  growth  of  these  low  organisms  are  heat, 
moisture,  darkness,  and  the  presence  of  ammonia.  The  damp  walls  of  sewers  present,  therefore,  all  the 
requirements  for  a  most  flourishing  growth  of  bacteria,  whose  germs  may  float  off  on  the  sewer-air 
and  be  carried  into  dwellings  by  mechanical  action,  as  dust  is  borne  on  any  air-current. 

"  It  is,  therefore,  most  probable  that  sewer-air  brings  the  germs  of  disease  into  dwellings  as  dust 
is  blown  into  the  window.  The  foul  gases  of  decomposition  may  or  may  not  be  present.  The  fatal 
power  over  life  lies,  probably,  in  the  little  plant-seed,  odorless  and  invisible,  floating  upon  the  sewer-air. 

"  Large  sewers  are,  then,  plantations  for  the  propagation  of  deadly  organisms,  the  moist,  porous 
walls  forming  most  favorable  soil,  the  ammonia  of  sewage  supph'ing  the  manure  essential  to  full 
development,  and   the  warm,   damp  air  stimulating  to  the  utmost  all  processes  of  growth. 

"  The  occasional  flushing  of  sewers,  while  it  may  clear  out  silt  and  accumulated  filth,  and  thus 
decrease    the    amount    of    heat    and    ammonia    from    decomposition,  can    never    prevent    the    growth    of 
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bacteria  on  the  sewer-walls,  nor  will  ventilation  prove  efficient.  Every  device  of  engineering  has  been 
exhausted  to  keep  large  sewers  clean  and  well  ventilated,  but  the  air  from  them  is  still  deadly.  Expe- 
rience, therefore,  teaches  that  there  is  some  radical  defect  in  the  system  of  large  or  combined  sewers, 
while  modern  investigations  of  the  origin  of  zymotic  diseases  and  the  mode  of  growth  of  bacteria  seem 
to  show  that  sewer-walls  are  almost  ideal  hotbeds  for  the  production  of  fatal  organic  germs.  Perfect 
plumbing  may  prevent  sewer-air  from  entering  dwellings,  but  perfect  plumbing  will  always  be  the  rare 
exception. 

"  In  view  of  these  facts  I  am  forced  to  conclude  that  from  a  sanitary  point  of  view  the  combined 
system  of  sewerage  is  a  failure. 

"  I  visited  in  London  the  sanitary  department  of  the  Local  Government  Board  which  has  general 
supervision  of  the  sanitary  affairs  of  England.  The  chief  engineer,  Mr.  Robert  Rawlinson,  C.E., 
and  the  principal  medical  inspectors,  Dr.  Ballard  and  Mr.  Radcliffe,  are  perfectly  agreed  that  the 
combined  system  of  sewers  is  radically  defective  from  a  sanitary  point  of  view.  In  this  opinion  Dr. 
Richardson  and  other  prominent  sanitarians  concurred.  At  the  meeting  of  the  British  Association  for 
the  Advancement  of  Science,  in  York,  the  leading  civil  engineers  whom  I  met  had  abandoned  their 
belief  in    the  '  combined  '  system   of  sewers,  being   convinced    that   it  could   not   be   made   healthful. 

"While  all  were  agreed  as  to  the  failure  of  the  'combined  system,'  some  of  the  medical  men  favor 
the  general  introduction  of  the  '  pail  system  '  of  Manchester,  of  '  dry  removal  '  of  the  excreta  in  tubs, 
and  the  use  of  sewers,  entirely  disconnected  from  dwellings,  to  carry  off  only  waste  and  storm-water; 
while  Mr.  Rawlinson  and  other  engineers  advocated  water-carriage  by  the  '  separate  system.'  "  Re- 
ferring to  the  Memphis  sewers,  he  says  :  "  The  sewers  being  so  small  and  so  well  filled  by  the  flow  of 
sewage  there  is  very  little  exposed  wall  surface  on  which  bacteria  can  germinate,  and  very  little  space 
for  storing  up  germ-laden  air.  The  gases  and  heat  of  decomposition,  which  so  powerfully  stimulate 
the  growth  of  organic  life,  are  prevented  by  thorough  daily  flushing,  which  is  only  possible  in  small 
sewers.  The  smooth  glazed  surface  of  pipes  is  unfavorable  soil  for  vegetable  growth,  compared  with 
porous  bricks  moistened  with  sewage. 

"  It  will  therefore  be  seen  that  the  separate  sewers  do  not  afford  those  favorable  conditions  for 
an  extensive  and  rapid  growth  of  bacteria  ivliich  are  the  fatal  defects  of  the  large  eombined  sewers. 
The  smaller  pipes  remove  rapidly  all  sewage  from  dwellings,  without  connecting  them  with  foul 
caverns  ivhose  sides  prodiiee  loiu  organie  life.  Where  the  separate  system,  with  flush-tanks,  is  in  opera- 
tion, I   can  learn  of  no  complaints  of  '  sewer-gas.' 

"  The  '  separate  system '  is  therefore  greatly  to  be  preferred  for  sanitary  reasons.  .  .  ." 

"  Although  a  number  of  English  towns  have  wholly  or  partially  adopted  a  separate  system,  and 
the  results  have  been  so  good  that  the  engineers  of  the  Local  Government  Board  advise  its  general 
use,  yet  I  was  informed  by  the  chief  engineering  inspector,  Mr.  Rawlinson,  that  nowhere  in  Eng- 
land had  the  separate  system  been  so  completely  developed  and  applied  as  in  America,  in  the  city  of 
Memphis.  He  assured  me  that  English  engineers  and  sanitarians  were  watching  with  great  interest 
the  working  of  the  Memphis  sewerage,  considering  its  results  to  be  a  thorough  test  of  the  principles 
involved.  .  .  ." 

Mr.  Gardiner  concludes  thus  : 

"  I  am  of  the  opinion  that  the  separate  system  of  small  sewers  avoids  in  great  measure  the  in- 
herent sanitary  difficulties  of  the  combined  plan,  and  that  it  is  an  efficient  and  economical  method  of 
removing  the  sewage  of  towns.  I  therefore  recommend  the  State  Board  of  Health  to  advise  the 
adoption  of  the  separate  system  of  sewerage  in  those  towns  which  have  asked  for  information  on  this 
subject." 

Acting  upon  his  report,  the  State  Board  of  Health  at  its  last  quarterly  meeting  passed  a  series  of 
resolutions,  including  the  following  : 
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"6.  That  towns  having  proper  water-supply  should  be  provided  with  a  system  of  small  sewers 
adapted  to  carry  only  sewage,  including  excreta,  slops,  and  waste-water,  and  excluding  storm-water, 
which  should  be  taken  care  of  separately. 

"  7.  That  the  costly  plan  of  large  combined  sewers  for  carrying  sewage  and  storm-water  together 
has  proved  a  sanitary  failure  both  in  England  and  in  this  countr}';  while  the  'separate  system,'  when 
properly  constructed,  avoids  in  great  measure  the  evils  from  sewer-air,  now  so  common,  and  is  much 
less  expensive  for  most   towns. 

"  8.  That  the  '  separate  system  of  sewers,'  with  flushing-tanks,  is  hereby  recommended  for  general 
use  in  this  State." 

"  5.  So  much  smaller  sewers  will  suffice  to  carry  off  the  sewage  only,  that  their  cost  need  be  but 
a  fraction  of  what  would  be  required  to  build  sewers  admitting  rain;  and  by  adopting  the  former 
many  towns  can  avail  themselves  of  the  benefits  of  sewerage  which  would  otherwise  be  debarred 
from   it   on   account  of  the  expense  ;  and    in   any   case  the   difference   in   cost   would    be  considerable." 

Mr.  Clarke  admits  that  "  the  first  cost  of  a  system  for  sewage  alone  will  be  much  less  than  that  of 
one  admitting  rain."  He  states  the  case  very  fairly  in  comparing  the  cost  of  the  sewers  of  Chicago 
with  those  of  Memphis,  and  says:  "It  appears  that  the  first  cost  of  the  combined  system  will  be  two 
and  one-half  times  that  of  a  separate  system  not  admitting  rain."  In  my  own  judgment  the  average 
difference  will  be  more  than  this.  He  thinks,  however,  that  the  question  of  economy  depends  upon 
other  considerations,  which  he  enumerates,  some  of  which  are  sound  and  some  are  not  so.  As  for 
example,  he  charges  the  separate  system  with  "  all  pecuniary  damage  caused  by  lack  of  prompt  remo- 
val of  the  rain-water,  especially  the  damage  to  street-surfaces,  which  would  be  gullied  and  washed 
away  in  time  of  rain."  Such  washing  is  of  rare  occurrence  and  is  so  seldom  experienced,  even  in  Balti- 
more, where  the  surface-flow  is  copious  and  rapid,  that  an  influential  portion  of  the  public  havC  long 
objected  to  the  adoption  of  a  sewerage  system  for  that  city  because  it  would  deprive  them  of  the 
efficient  cleansing  of  the  streets  by  storm-water,  which  they  have  always  found  so  satisfactory.  He 
does  not  charge  the  combined  system  with  the  flooding  of  cellars,  and  often  of  streets  and  yards,  by 
overflows  caused  by  the  gorging  of  the  sewers  during  storms,  nor  does  he  refer  to  what  is  much  more 
serious  than  cost,  and  what  often  happens  under  such  conditions — the  flooding  of  basements  and  cel- 
lars with  filthy  sewage. 

"  6.  Rain-water  in  excess  is  seldom  worse  than  inconvenient,  and  at  most  places  can  properly  be 
allowed  to  flow  off  over  the  surface  of  the  streets,  as  it  does  everywhere  before  the  introduction  of 
sewerage." 

I  should  make  this  stronger  and  say  that  storm-water  may  be  allowed  to  flow  off  over  the  surface 
of  the  street  with  great  advantage  so  long  as  it  docs  not  accumulate  to  a  dangerous  extent.  He  says: 
"  It  is  begging  the  question  to  claim  that  since  the  rain  flowed  over  the  surface  everywhere  before 
the  introduction  of  sewerage,  it  can  continue  to  do  so  ;  for  the  same  sort  of  reasoning  would  apply  to 
the  sewage  itself."  This  is  true  only  if  there  is  no  difference  between  running  storm-water  and  foul 
sewage  over  the  surface.  It  seems  to  me  a  novel  view  of  the  subject  for  a  modern  sewerage  engineer 
to  entertain.  He  says  of  rain-water  that  it  is  a  question  how  far  it  can  be  made  to  flow  in  the  streets 
without  becoming  "too  great  a  nuisance."  That  is  the  precise  limit  to  be  adopted.  My  idea  would 
be  to  keep  it  in  the  streets  until  it  does  become  too  great  a  nuisance,  and  then  to  carry  it  under- 
ground. It  will  be  found  in  practice  that  the  area  over  which  water  may  be  kept  on  the  surface  is 
so  great  that  with  proper  arrangement  the  underground  storm-water  channels  will  be  so  much  reduced 
in  extent  that  it  is  not  fair  to  call  them  "  a  second  set  of  sewers,"  which  is  a  favorite  expression  with 
those  who  argue  against  the  separate  system.  He  refers  to  the  complaint  of  residents  "  that  the 
amount  of  water  on    the   street   in    time   of    heavy  rain   or  thaw  is  a  nuisance."     But    he  says  that   resi- 
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dents  are  too  often  exacting  in  matters  concerning  their  comfort.  He  docs  not  refer  to  tlie  more  fre- 
quent and  much  more  serious  complaint  of  residents  whose  houses  are  near  catch-basins,  almost  inva- 
riably offensive;  but  he  does  say:  "In  the  latitude  of  Massachusetts  catch-basins  also  sometimes 
freeze  up  and  cause  trouble,  but  this  can  be  prevented,  or  they  can  be  thawed  out  with  salt." 

He  refers  to  the  fact  that  the  grading  of  the  surface  of  streets  and  the  elevation  of  yards  as  com- 
pared with  the  streets  must  be  modified  if  storm-water  is  to  flow  over  the  surface.  This  is  often 
entirely  true,  and,  so  far  as  it  goes,  it  is  an  argument  against  the  separate  system  of  sewerage.  It  is, 
however,  a  putting  of  the  question  of  the  cost  of  grading  and  of  convenience  into  opposition  with  the 
vital  question  of  the  public  health. 

"  7  Where  it  is  absolutely  necessary  to  remove  the  rain  as  well  as  the  sewage  by  means  of 
underground  conduits,  two  sets  of  sewers  can  be  built,  each  designed  for  its  special  purpose,  and  the 
greater  efficiency  of  both  will  compensate  for  the  slight  increase  in  cost." 

In  this  statement  I  only  object  to  the  expression  "  two  sets  of  sewers."  As  stated  above,  the 
storm-water  sewers  would  only  be  main  outlets  for  various  districts  chiefly  drained  of  their  rainfall 
by  surface-flow.  Mr.  Clarke  says:  "To  build  a  separate  set  of  sewers  for  this  alone  presents  no  espe- 
cial difficulty.  The  sewers  must  be  as  large  as  if  intended  to  convey  the  sewage  also  ;  therefore,  if  they 
were  placed  equally  low,  the  cost  of  a  double  system  would  be  two-fifths  greater  than  that  of  a  com- 
bined one."  It  would  be  so  if  the  storm-water  sewers  reached  everywhere  that  the  separate  sewers 
do,  and,  as  stated,  if  they  were  placed  equally  knv.  In  pVactice  their  length  would  probably  average  not 
more  than  one  fourth  of  the  length  of  the  small  sewers ;  and  as  complete  drainage  of  the  soil  of  cellars 
and  of  houses  would  be  effected  by  the  pipe-sewers  and  their  accompanying  tile-drains,  the  necessary 
storm-water  conduits  need  be  carried  only  sufficiently  under  the  surface  to  be  out  of  the  way,  in  many 
cases  three  feet  deep  instead  of  thirteen  feet  deep.  Constructed  on  this  principle,  "  the  two  sets  of 
sewei^"  could  not  "interfere  with  each  other  as  to  position,  and,  where  they  cross  each  other,  as  to 
their  grades."  He  says:  "  Tiie  small  sewers  would  lack  the  periodical  flushing  by  rain-water,  and  dur- 
ing a  very  light  rain  of  short  duration  considerable  street-refuse  may  be  carried  into  the  large  sewers 
to  remain  and  decompose  until  the  next  shower  ;  but  as  these  sewers  would  not  be  connected  with 
the  houses,  this  would  cause  no  danger,  and,  if  they  were  well  ventilated,  little  annoyance."  The 
Memphis  sewers  have  no  "  periodical  flushing  by  rain-water,"  but  a  copious  flushing  every  day  by  auto- 
matic flush-tanks.  The  street-refuse,  if  carried  into  combined  sewers  and  remaining  to  decompose,  the 
sewers  being  connected  with  the  houses,  the  immunity  indicated  would  not  exist. 

"  8.  Where  the  sewage  must  be  raised  by  pumping,  or  treated  in  any  way,  these  operations  can 
only  be  satisfactorily  accomplished  if  the  sewage  is  unmixed  with  rain."  Mr.  Clarke  says  that  where 
pumping  is  resorted  to  a  separate  system  becomes  a  necessity.  For  towns  discharging  their  sewage  by 
gravitation  he  indicates  the  use  of  intercepting  sewers,  large  enough  for  the  dry-v\'eather  flow,  with 
independent  storm-water  overflows.     He  does  not  pretend  that  this  is  more  than  a  makeshift. 

His  conclusion  is  thus  stated  : 

"  The  result  of  this  discussion  appears  to  show  that  a  separate  system  of  sewerage  is  only  neces- 
sary where  cellars  are  so  low  that  they  must  be  drained  by  pumping;  that  in  other  cases  its  only 
merit  is  its  cheapness;  that  the  saving  in  first  cost  of  sewers  will  be  about  three-fifths,  depending  on 
the  character  of  the  soil ;  that  the  final  economy  will  depend  on  circumstances  ;  that  the  system  would 
only  be  advisable  where  the  branch  sewers  could  incline  not  much  less  than  one  in  one  hundred  ; 
that  surface-drainage  for  rain  is  attended  by  a  varying  amount  of  inconvenience  and  damage  which 
increases  with  the  growth  of  a  town." 

My  own  conclusion  would  be  this:  The  result  of  this  discussion  appears  to  show  that  a  separate 
system  of  sewerage  is  necessary  where  cellars  are  so  low  that  they  must  be  drained  by  pumping,  and 
where   the  cost  of   a   combined  system  cannot  be  afforded  ;  that  its  economy  is  always   very  great ;  that 
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it  is  entirely  efficient  witli  a  fall  of  one  in  five  hundi-ed ;  that  surface-drainage  can  be  prevented  from 
causing  inconvenience  or  damage  worth  considering,  no  matter  what  the  size  of  the  town,  for  an  out- 
lay which,  compared  with  the  extra  cost  of  a  system  of  combined  sewers,  would  be  trifling;  and,  last 
and  most  important,  that  while  combined  sewers  cannot  possibly  meet  the  necessar}-  sanitary  require- 
ments, separate  sewers  can  be  made  absolutely  safe,  affording  the  only  means  now  known  for  the  per- 
fect sanitary  drainage  of  a  town  of  any  size,  and  that  for  these  reasons  the  separate  system  is  always 
advisable. 

Were  I  to  rewrite  this  paper  I  should  state  the  last  clause  somewhat  less  positively.  I  think  that 
the  necessary  sanitary  requirements  may  be  met  by  the  combined  system  if  due  attention  is  given  to 
the  details  of  the  work,  and  if  enough  money  is  spent.  On  the  whole,  however,  I  stand  by  my 
statements  as  set   forth. 

Mr.  Benezette  Williams  read  before  the  Western  Society  of  Engineers,  in  February,  1885,  a  paper 
on  the  "  Separate  System  versus  the  Combined  System  of  Sewerage  as  exemplified  in  the  drainage  of 
Hyde  Park." 

Hyde  Park  is  practically  a  continuation  of  Chicago  at  the  south,  and  the  report  upon  its  drain- 
age was  made  by  Mr.  Williams  and   Mr.  Cole  in    1884. 

Without  at  all  admitting  Mr.  Williams's  implied  charge  that  I  am  a  hard-and-fast  "  separate 
sewer"  advocate,  blind  to  the  limitations  of  that  system  and  incapable  of  appreciating  the  advan- 
tages of  other  systems,  it  seem.s  worth  while  to  review  the  points  of  his  argument.  He  says :  "  I 
believe  that  the  following  statement  contains  all  the  charges  of  any  moment  that  have  ever  been 
brought  against  this  system  : 

"  1st.  The  interior  surfaces  of  the  sewers  being  greater  than  in  a  separate  system,  and  being  exposed  to 
fluctuations  of  storm-water,  an  accumulation  of  sewage  matter  takes  place  thereon,  which,  after  the 
water  has  receded,   decomposes. 

"  2d.  The  cross-section  being  greater,  ventilation  is  less  perfect  than  it  would  be  in  a  smaller  sewer. 

"  3d.  Owing  to  the  greater  cross-section  than  is  needed  for  the  dry-weather  flow  of  sewage,  the  sewage 
spreads  over  more  surface  ;  that  is,  it  has  a  less  hydraulic  mean  depth,  and  hence  less  scouring  action  than 
it  would  have  in  a  more  confined  channel. 

"  4th.   Dead  ends  of  the  sewers  being  larger,  they  cannot  be  as  readily  flushed  as  in  a  separate  system. 

"  5th.  The  inclination  for  a  combined  system  being  sometimes  calculated  on  the  basis  of  the  sewers 
carrying  one-third  or  one-half  their  capacity,  while  the  dry-weather  flow  may  be  only  one-tenth  to  one- 
twentieth  of  their  capacity,  the  velocity  during  their  minimum  flow  is  insufficient. 

"  6th.  Street  detritus  and  rubbish  admitted  through  street-inlets  form  deposits  in  the  sewers. 

"  To  these  objections  the  following  answers  may  be  made : 

"  1st.  It  requires  but  a  limited  acquaintance  with  the  innoxious  character  of  the  slime  that  is  to  be 
found  on  the  sides  of  a  sewer  above  the  water-line  to  break  the  force  of  this  objection.  Besides,  it  would 
apply  with  almost  equal  force  to  a  system  of  exclusive  storm-water  drains." 

Doubtless  the  slime  on  the  walls  of  a  large  sewer  above  its  high- water  line  is  ordinarily  an  unob- 
jectionable mycelium ;  but  if  this  is  a  safeguard  in  the  case  of  sewers  used  exclusively  for  storm- 
water,  it  cannot  be  relied  on  in  the  case  of  sewers  carrying  house-drainage  and  at  times  smeared 
with  filth  to  the  storm-flood  line.  What  we  have  especially  to  guard  against  is  the  development  of 
the  germs  of  specific  disease.  It  is  possible  that  these  germs  are  unable  to  grow  in  the  presence  of 
the  ordinary  growth  on  the  walls  of  a  sewer,  but  this  is  not  known,  and  it  is  quite  likely  to  be  untrue 
with  regard  to  the  germs  of  some  of  the  diseases.  Possibly  the  danger  from  this  source  is  not  very 
serious,  but   it  should  not  be  so  lightly  set  aside. 

"  2d.  How  ventilation  can  be  more  thorough  in  a  small  channel  than  in  a  large  one  it  is  difficult  to 
conceive,  if  the  openings  for  ventilation  are  anywhere  nearly  proportioned  to  the  capacity  of  the  sewers. 
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Indeed,  the  larger  sewer  will  do  with  less  openings,  and  still  be  ventilated  as  well  as  the  smaller  one  because 
of  the  freer  circulation,  and  because  the  proportion  of  sewage  to  the  area  of  the  sewer  is  less  ;  and  hence, 
everything  else  being  equal,  less  gas  is  given  off  in  proportion  to  its  area." 

The  "//"  in  this  case  is  a  very  large  one.  House-drains  would  have  to  be  increased  to  an 
impossible  size  to  afford  as  perfect  ventilation  to  a  system  of  large  combined  sewers  as  is  furnished 
by  four-inch  house-drains  to  the  much  smaller  separate  system. 

Perhaps  the  larger  sewer  would  be  ventilated  with  fewer  openings,  but  to  be  equally  effective 
they  would  have  to  be  much  larger.  The  occasion  for  ventilation  is  due  less  to  the  matters  con- 
tained in  the  flowing  stream  of  sewage,  of  which  the  exhalations  are  of  minor  consequence,  than  to  the 
slimin"-  of  the  walls,  and  Mr.  Williams  takes  no  account  of  the  frictional  effect  of  the  current  of 
sewage  on  the  air  above  it.  This  effect  is  less  useful  in  proportion  as  the  volume  of  air  is  increased 
as  compared  with  the  surface  and  velocity  of  the  stream  over  which  it  lies. 

"  3d.  A  cross-section  for  main  sewers  can  be,  and  is  frequently,  used  that  will  give  as  great  a  hydraulic 
mean  depth  for  the  dry-weather  flow  as  a  small  pipe  can  give.  When  sewers  are  designed  for  an  ordinary 
amount  of  storm-water,  the  common  egg  shape,  with  the  invert  made  of  suitable  material,  will  accomplish 
this  end.  When,  as  at  Washington,  the  storm-water  provided  for  is  excessive,  the  section  adopted  by  the 
Engineer  Department,  which  is  the  usual  egg  shape  with  a  half-pipe  invert,  fills  every  requirement." 

This  is  quite  true,  and,  suitable  ventilation  being  provided,  the  only  arguments  against  the 
method  suggested  are  the  serious  ones  of  cost  of  construction  and  the  sliming  of  walls,  which  are 
usually    bare,    when   a    storm-flood    (mixed    with    sewage)    runs    high    upon    them. 

"  Owing  to  the  fact  that  the  smallest  pipe  used  in  a  separate  system — six  inches — is  much  in  excess  of 
the  requirements  of  flow,  while  in  a  combined  system  this  is  not  the  case  to  the  same  extent,  the  disparity 
of  size  in  lateral  sewers  is  not  so  great  as  in  the  mains.  Usually  a  fidl  combined  system  would  require  a 
twelve-inch  or  a  ten-inch  pipe  where  there  would  be  a  six-inch  in  a  separate  system.  And  a  system  receiving 
only  roof-water  would  require  a  nine-inch  or  an  eight-inch  pipe  where  there  would  be  a  six  inch  in  the 
separate  system." 

This  arcfument  is  correct  so  far  as  it  relates  to  the  use  of  the  sewer  for  the  removal  of  the 
excessive  storm-flow  for  which  it  is  intended.  At  all  other  times — nearly  all  the  time,  that  is — 
the    disparity    is    exactly    in     proportion    to    size. 

"The  following  table  gives  the  velocity  in  feet  per  second,  the  maximum  depth  in  inches,  and  the 
hydraulic  mean  depth  in  inches  for  circular-pipe  sewers  of  various  sizes,  each  having  an  inclination  of  si.x- 
tenths  per  hundred  feet,  when  each  sewer  is  carrying  about  one-quarter  of  a  cubic  foot  per  second,  which  is 
the  amount  discharged  by  a  six-inch  pipe  having  the  inclination  given  when  running  half-full  : 


Size. 

Velocit) 

6  inches. 

2.70 

8       " 

2.67 

9      " 

2.66 

10      " 

2.63 

12       " 

2.55 

15       " 

2.50 

18       " 

2.46 

Maximum   depth. 

3-0 
2.6 
2.5 
2.4 
2.2 
2.1 
2.0 


Hydraulic   mean   depth. 

1.50 
1.48 
1.47 
1.44 

1-39 
1.32 

1.24 


"It  is  thus  seen  that,  in  passing  from  a  six  inch  pipe  to  a  twelve-inch  one,  the  velocity  is  decreased  ^Yz 
per  cent ;  the  maximum  depth  26^  per  cent.,  and  the  hydraulic  mean  depth  7>^  per  cent.  For  other 
inclinations  the  percentages  will  run  about  the  same,  which  certainly  does  not  indicate  as  great  an  advan- 
tage in  the  small  pipes  as  one  would  be  led  to  expect  from  the  claims  put  forth  for  them.  .  .  ." 
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It  would  have  been  more  useful,  if  not  more  interesting,  to  have  made  the  comparison  be- 
tween that  amount  of  flow  that  would  fill  a  six-inch  pipe  only  one  inch  deep — an  amount  that  is 
rarely    exceeded    in    six-inch    laterals    of    the    length    ordinarily    used. 

"4th.  If  a  pipe  six  inches  in  diameter  can  be  flushed  with  a  given  quantity  of  water,  either  automati- 
cally or  otherwise,  a  pipe  of  a  larger  diameter  can  be  flushed  in  the  same  way  with  a  proportionately  larger 
amount  of  water  and  larger-sized  flushing  apparatus." 

This    is    quite    true. 

"  5th.  It  is  a  sufficient  answer  to  this  objection  to  say  that  if  in  a  given  case  suitable  inclinations  can 
be  obtained  for  a  separate  system  of  sewerage,  exactly  the  same  inclinations  can  be  had  for  a  combined 
system." 

t 

In    this    case    it    is    not    a    question     of    inclination  but    of    velocity.      A     small    dry-weather   stream 

of   sewage   will    carry    its     burden     freely     through     a  small     pipe   laid     at    a    suitable    inclination.      A 

much    larger   sewer   laid   at   the   same    inclination    will  so   flatten    and    retard    the   stream    as   to   cause 
deposits. 

"6th.  This  objection  must,  under  conditions  of  slight  inclinations,  be  admitted  to  be  of  considerable 
weight,  though  just  how  much  weight  it  should  have  it  is  difficult  to  determine.  With  inclinations  tiiat 
give  velocities  sufficient  to  prevent  the  deposit  of  road  detritus  the  objection  does  not  hold,  nor  does  it  have 
application  where  only  water  from  roofs  is  admitted." 

This  objection  applies  with  the  greatest  force  to  the  larger  sewers  of  the  combined  system, 
where,  even  with  considerable  inclination,  street-rubbish  is  deposited.  The  original  deposit  may 
consist  of  nothing  worse  than  sticks,  leaves,  paper,  horse-droppings,  and  road  detritus ;  but  these 
things  have  a  way  of  forming  an  almost  immovable  deposit.  I  have  under  frequent  observation 
a  street-gutter  in  Newport,  on  a  steep  inclination,  which  during  every  heavy  storm  is  a  rapid 
rivulet,  with  sufficient  velocity  and  force  to  carry  sand  and  gravel  in  great  quantities.  Unless 
regularly  cleaned,  this  gutter  is  always  blocked  in  many  places  with  precisely  such  deposits  as  are 
described  above.  The  street-cleaners  seem  not  to  interfere  with  this  gutter  during  the  winter 
months,  and  it  had  last  March,  within  a  length  of  two  hundred  feet,  at  a  portion  where  its 
fall  is  one  to  twenty,  four  different  deposits,  averaging  at  least  one-third  of  a  cubic  foot  each, 
around  which  the  heaviest  floods  run  without  producing  a  perceptible  impression  on  the  mass. 
On  the  1 2th  and  13th  of  February,  1886,  we  had  over  six  inches  of  rainfall  with  warm  weather 
that  removed  the  frost  from  the  accumulations  on  the  surface.  In  spite  of  the  flood  this  had  no 
noticeable  effect  on  the  heavy  deposit,  which  had  lain  there  all  winter  and  occupied  a  length  of 
about    thirty    feet    of   the  gutter. 

When  such  deposits  occur  in  sewers — and  that  they  do  occur  all  know  who  are  familiar  with 
city  work — they  become  the  nucleus  of  deposits  of  more  offensive  matters  from  house-drains. 
There  is  at  least  no  possibility  of  their  being  removed  or  cleansed  except  by  storm-water. 
When  they  occur,  and  grow  and  putrefy,  during  consecutive  weeks  of  drought,  they  become 
extremely   offensive    and    objectionable. 

This  objection  not  only  has  "  considerable  weight."  It  is  extremely  serious ;  and  while  well 
planned  and  well  made  combined  sewers  may  be  regarded  as  quite  safe  and  admissible  if  they  can 
be  kept  clean,  they  certainly  should  be  regarded  as  inadmissible  if  they  are  liable  to  such  deposits. 
It  is  ordinarily  not  difficult  to  keep  pipe-sewers  clean.  The  chief  trouble  comes  when  large  brick 
sewers  are  required.  Many  things  that  will  flow  freely  through  the  smaller  pipe-sewer  will  be 
stranded  here,  and  the  foul  air  that  their  decomposition  produces  is  diffused  throughout  the  pipe 
system. 
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"  As  an  offset  to  the  evil  of  deposit  in  a  combined  system  of  sewerage,  it  is  legitimate  to  oppose  the 
advantage  which  it  has,  particularly  in  the  pipe-sewers,  of  being  thoroughly  flushed  by  the  sudden  admis- 
sion of  water  from  roofs  during  every  considerable  rain.  One  may  readily  be  a  full  offset  to  the  other  under 
like  conditions  of  design  and  construction." 

Not  so.  As  the  weakest  link  of  the  chain  is  the  measure  of  its  strength,  so  the  worst  week 
of  the  sewer  may  be  considered  the  measure  of  its  quality.  In  every  part  of  our  country  we 
may  be  pretty  sure  of  a  month  or  two  during  the  most  trying  season  when  not  a  drop  of  water 
reaches  the  sewers  from  roofs  or  from  the  surface  of  the  ground.  Therefore  these  considerations 
cannot    be  offset  one  against  the  other. 

No  system  of  sewerage  that  is  not  kept  clean  by  its  own  flow  or  by  daily  flushing  can  satisfy 
even  moderate  sanitary  requirements.  To  depend  on  the  occasional  flushing  of  infrequent  rains  is 
not  sufficient.  It  is  often  possible  to  pond  sewage  in  large  flush-tanks  in  sufificient  volume  to  give 
a  good  cleansing  to  main  sewers.  By  this  means  the  deposit  of  street-rubbish  may  be  reduced  to 
a  minimum,  but  without  some  such  provision  the  admission  of  street-rubbish  must  inevitably  cause 
deposits  which,  in  sewers  carrying  house-drainage  as  well  as  street-drainage,  will  cause  an  inad- 
missible   condition    of    the    contained    air    of    the    sewer. 

"  It  is,  therefore,  my  serious  conviction  that  no  sanitary  defects  have  been  pointed  out  in  the  combined 
system  of  sewerage  that  are  not  neutralized  by  corresponding  advantages,  and  that  it  should  not  be 
excluded  from  use  in  those  places  where  it  is  the  cheapest  and  most  convenient  thing  to  adopt." 

While  I  cannot  at  all  agree  with  Mr.  Williams  that  the  sanitary  defects  of  the  combined 
system  are  neutralized  by  corresponding  advantages,  I  do  agree  with  him  that  it  should  not  be 
excluded  in  those  places  where  it  is  the  cheapest  and  most  convenient  thing  to  be  adopted. 
While  it  cannot,  in  my  judgment,  be  made  so  cleanly  as  the  separate  system  can  be,  it  may, 
with  sufficient  care  and  judicious  arrangement,  be  rnade  practically  safe.  And  I  do  not  hesitate  to 
recommend  a  combination  where  it  is  clearly  the  cheapest  and  most  advisable  on  general  grounds. 
I  should  especially  not  hesitate  to  use  what  may  appropriately  be  called  the  semi-combined  sys- 
tem— that  is,  the  combination  of  roof-water  and  house-sewage — where  the  inclination  of  the  ground 
is  generally  so  steep  that  it  does  not  involve  a  great  increase  of  the  sizes  of  the  sewers  and 
therefore  add  unduly  to  the  cost.  An  example  of  such  work  is  shown  in  the  description  of 
Amsterdam   and    its    accompanying    plan,   Chapter  XVIII. 

Mr.  Williams  says  that  if  sewage  and  storm-water  can  be  disposed  of  together  by  gravity- 
discharge  at  the  nearest  place  of  out-fall,  then,  if  it  is  necessary  to  resort  to  underground  carriage 
for  storm-water,  the  combined  system  or  a  partially  combined  system  will  be  the  best  and  cheap- 
est to  adopt. 

I  think  it  would  seldom  if  ever  be  best  to  use  the  full  combined  system,  and  I  think  it  would 
very  seldom  be  the  cheapest.  This  writer's  arguments  seem  to  be  based  on  the  assumption  that 
where  the  "  double "  system  is  used  the  storm-water  system  should  be  co-extensive  with  the  sewerage 
system,  and  he  says  that  he  made  the  two  co-extensive  at  Pullman.  I  cannot  understand  why  it  is 
ever  necessary  to  lay  storm-water  sewers  through  all  of  the  streets  or  for  the  full  length  of  any  of 
them.  Storm-water  may  be  readily  removed,  and  removed  with  advantage  rather  than  disadvantage, 
by  surface-gutters,  up  to  the  point  where  the  accumulation  of  gutter-flow  would  become  anno}'ing. 
From  such  points,  relief  may  be  given  by  underground  sewers  laid  in  alternate  streets,  or  even,  less 
frequently,  with  a  saving  of  considerably  more  than  one-half,  sometimes  more  than  three-fourths,  of 
the  length  required  to  make  these  sewers  "  co-extensive "  with  the  others.  Then,  again,  while  the 
general  sewerage  should  be  deep  enough  to  afford  drainage  for  cellars,  the  removal  of  surface-water 
need  be   only  so   far  below  the  surface  of  the   ground   as  the   safety   of   its  conduit    requires.     It   is  true 
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that  unless  the  storm-water  sewers  are  co-extensive  with  the  foul-water  sewers  the  roof-water  of  many 
houses  must  be  delivered  at  the  street  gutter  with  occasional  accumulations  of  ice.  This  causes 
inconvenience,  but  only  an  occasional  inconvenience,  which  would  be  dearly  avoided  at  the  great  cost 
of  the  universal  extension  of  storm-water  sewers. 

In  closing  this  discussion,  I  must  again  disclaim  the  apparent  imputation  that  I  have  ever  denied 
"  that  a  given  quantity  of  sewage  and  a  given  quantity  of  storm-water  can  be  carried  at  less  expense 
in  one  conduit  than  in  two."  Neither  am  I  a  victim  of  the  fallacy  of  "  either  ignoring  storm-water 
drainage  entirely,  insisting  that  it  can  be  accomplished  througli  special  means  at  a  cost  next  to  nothing, 
or,  if  the  combined  system  is  suggested,  persisting  that  all  storm-water  must  be  taken  into  the  sewers 
whether  or  no." 

I  was  compelled  by  the  financial  exigencies  of  the  case  to  use  the  separate  system  in  Memphis, 
and  I  was  glad  of  the  compulsion.  I  was  compelled  to  fight  the  project  through  in  the  teeth  of  a  prac- 
tically unanimous  engineering  profession.  I  fought  it  with  zeal,  and  I  have  had  the  satisfaction  of 
seeing  the  same  principles  adopted  in  Pullman.  The  acceptance  of  my  example  was  at  first  occasional 
and  tentative,  soon  became  frequent,  and  is  now  general  and  cordial.  I  should  be  better  pleased  if 
not  quite  all  of  the  arguments  used  in  the  early  stages  of  the  struggle  were  to  be  charged  to  my 
account.  At  the  same  time,  I  still  believe  and  maintain  that  in  a  large  majorit}'  of  cases,  outside  of 
a  few  great  cities,  the  separate  sj-stem  of  sewerage  should  be  regarded  as  the  sheet-anchor  of  the 
engineer.  That  foul  sewage  should  generally  be  removed  by  separate  channels  in  large  cities  where 
there  is  any  difficulty  about  disposal,   I   also  believe. 

STORM-WATER  DRAINAGE. 

Mr.  Rawlinson  states  the  case  thus  : 

"  Town  sites  necessarily  have  surface-drainage,  and  frequently  there  are  old  drains  to  remove 
surface  and  storm  water.  If  the  surface-drains  are  imperfect  they  should  be  improved,  so  as  to  be 
made  efficient,  as  the  work  of  removing  heavy  falls  of  rain  should  not  be  thrown  on  new  sewers. 

"  For  main-sewering,  the  engineer  may  profitably  consult  tables  of  rainfall,  of-  areas,  and  of  the 
flow  of  water  from  the  site,  and  it  will  be  quite  in  order  for  him  to  do  so  ;  but  if  he  attempts  to  appor- 
tion sewers  so  as  to  be  of  capacity  to  receive  and  remove  the  flood-water  six  to  ten  or  more  feet 
below  the  surface,  he  will  commit  a  serious  and  costly  blunder,  as  heavy  falls  of  rain  cannot  be  dealt 
with  in  such  a  manner.  A  rule-of-three  sum,  made  up  of  '  area,  rainfall,  and  dimensions  of  sewers,' 
cannot  safely  be  acted  upon.  Heavy  falls  of  rain  must  pass  at  and  o\'er  the  surface  as  during  previous 
time,  or  special  drains  must  be  used  if  they  e.xist,  or  must  be  provided  if  they  do  not  exist  ;  and  the 
sewers  must  be  confined  in  sub-sectional  capacity,  so  as  to  be  equal  to  the  removal  of  waste  water 
from  houses  and  manufactures.  In  large  towns  there  may  be  exceptions  ;  and  then,  as  in  London, 
flood-water  overflow-channels  into  natural  streams  may  have  to  be  formed." 

Wherever  there  are  controlling  reasons  indicating  the  propriety  of  adopting  the  separate  system 
of  .sewerage,  the  engineer  is  not  thereby  relieved  from  considering  the  storm-water  question.  He  is 
simply  required  to  consider  this  as  an  independent  proposition — not  to  adopt  a  compromise  determining 
how  much  of  the  storm-water  he  would  carry  through  the  foul  sewers,  and  how  much  he  will  dispose 
of  otherwise,  as  in  using  the  combined  system.  When  considered  as  an  independent  proposition  the 
problem  of  storm-water  removal  is  in  nowise  complicatetl  b\-  the  persistent  filtlu'  character  of  foul 
sewage,  antl  the  first  radical  improvement  that  this  condition  will  enable  him  to  make  is  the  abandon- 
ment of  basins  at  the  street  inlets.  These,  being  protected  by  gratings  for  the  exclusion  of  coarse 
rubbish,  should  communicate  directly  with  the  sewer,  constituting  their  effective  means  for  ventilation, 
and  made  without  enlargement  or  pocketing  of  any  kind  for  the  accumulation  of  filth. 
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If  the  streets  of  the  town  are  not  kept  clean,  a  certain  amount  of  street-dirt  of  an  offensive  char- 
acter will  be  admitted,  but  it  will  ordinarily  be  accompanied  by  such  a  flow  of  gutter-water  as  to 
insure  its  transmission  through  properly  constructed  sewers  of  sufificient  inclination.  Even  where 
deposits  form  in  these  sewers  they  will  constitute  a  less  source  of  offensive  odors  than  do  the  trapped 
catch-basins  used  on  the  surface-water  inlets  of  the  combined  system. 

The  liability  to  deposit  in  sewers  constructed  for  the  removal  of  storm-water  only  will  be  less 
than  in  combined  sewers  for  the  reason  that  these  latter,  extending  to  aU  parts  of  the  sewered  district, 
receive  surface-wash  and  rubbish  near  their  heads  and  where  the  flow  is  at  times  light  and  often  of 
short  duration.  Where  the  purpose  of  the  storm-water  sewer  is,  as  it  should  be,  only  to  remove 
gutter-water  from  points  at  which  it  might  accumulate  to  too  great  a  degree,  storms  of  suf^cient 
force  to  wash  a  considerable  amount  of  surface-filth  into  the  sewers  will  cause  an  effective  and  a  long- 
continued  flow  through  a  great  length  of  gutter,  which  will  ordinarily  retain  what  would  be  deposited 
in  the  sewer  if  introduced  into  it.  In  other  words,  the  proportion  of  flow  in  the  sewer  to  the  amount 
of  filth   introduced  will  be  greater  with   this  arrangement   than  with  the  combined  system. 

In  considering  this  work,  careful  attention  should  be  given  to  existing  conditions  and  to  the 
degree  to  which  heavy  storms  have  had  an  injurious  effect.  Much  of  the  injury  that  has  been 
caused  can  probably  be  obviated  by  an  amendment  of  the  means  of  surface-flow.  Due  allowance  hav- 
ing been  made  for  this,  sewers  of  ample  capacity  but  of  little  depth  should  be  provided  to 
carry  water  from  the  points  of  accumulation,  by  the  shortest  and  most  practical  route,  to  a  suitable 
place  of  discharge. 

Careful  attention  must  also  be  given  to  future  conditions.  There  may  be  large  areas,  tributary 
to  the  surface  to  be  drained,  from  which  storm-water  now  comes  slowly  because  of  the  irregular 
condition  of  the  surface.  When,  in  time,  this  outlying  area  shall  have  been  built  up  and  paved,  the 
volume  of  storm-water  will  be  greatly  increased  ;  and  while  it  may  not  now  be  necessary  to  extend 
the  storm-water  sewers  to  receive  waters  from  this  source,  it  is  important  to  make  the  size  of  such 
sewers  as  are  built  sufficient  for  the  probable  future  use.  Along  the  course  of  such  sewers  as  are 
laid  inlets  may  be  freely  used,  as  foreign  substances  introduced  through  them  will  have  the  effect 
of  the  flow  from  above  to  secure  their  removal. 

In  connection  with  the  sewerage  of  Stamford,  Conn.,  quite  an  extensive  system  of  independent 
storm-water  sewers,  provided  with  grated  inlets,  were  constructed.  These  have  now  been  in  operation 
through  one  winter  and  spring,  and  the  result   has  been  satisfactory. 

I  was  told  some  years  since  by  the  city  engineers  of  Albany  and  Troy,  N.  Y.,  that,  although 
the  remoter  portions  of  the  drained  area  are  of  steep  inclination,  those  nearest  to  the  river  being 
quite  flat,  injury  and  inconvenience  from  storm-water  had  in  neither  case  constituted  a  controlling 
argument  for  sewerage-work.  Sewers  were  built  for  the  removal  of  house-drainage  and  used  inci- 
dentally for  the  removal  of  storm-water. 

Baltimore  has  as  yet  no  general  system  of  sewerage,  only  a  few  miles  of  large  capacity  for  the 
removal  of  storm-floods.  These  are  used  to  a  small  extent  as  the  outlets  of  private  drains.  Practically 
the  whole  city  depends  on  vaults  for  the  reception  of  its  fouler  wastes,  and  on  street-gutters  only  fof 
the  removal  of  house  "  slops "  and  storm-water.  There  are  large  areas  of  Philadelphia,  larger  than  is 
occupied  by  many  a  city  of  50,000  inhabitants,  drained  in  the  same  manner.  Both  of  these  are 
examples  of  the  removal  of  surface-water  mainly  through  street-gutters,  storm-water  sewers  being 
provided  only  for  [K)ints  of  excessive  accumulation.  In  Philadelphia  these  sewers  are,  essential])-, 
combined  sewers.     In   Baltimore  they  are  not,  the  amount  of  foul  sewage  being,  relatively,  verj-  small. 

In  arranging  the  plan  for  the  sewerage  of  Owensboro',  where  surface-water  accumulates  in  depres- 
sions at  some  distance    from  the    river,  independent    storm-water    sewers  were  provided.* 

*  See   Sewerage   uf   O.vtiisboro,    Chapter   XIX. 
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A  notable  instance  of  the  need  for  large  sewers  for  the  removal  of  storm-water  is  presented  in 
St.  Louis,  where  large  districts,  occupying  depressions  of  the  surface,  being  without  adequate  means 
for  the  removal  of  the  water  of  heavy  storms,  sewers  of  large  size,  tunnelled  under  the  intervening  hills, 
were  constructed  to  carry  this  flow  to  the   Mississippi   River. 

Another  instance  of  the  successful  removal  of  storm-water  by  surface-channels  is  to  be  found  in 
the  little  city  of  Dayton,  Ohio,  described  in  another  chapter. 

It  is  not  possible  to  give  such  detailed  instructions  concerning  the  treatment  of  storm-water  as 
will  constitute  a  vade-inccum  for  the  engineer.  In  providing  for  the  removal  of  foul  wastes  we  have 
somewhat  different  conditions  to  deal  with  and  can  bring  their  treatment  within  general  rules.  In 
providing  for  the  removal  of  surface-water  this  cannot  be  done.  Except  in  flat  districts  with  a  well- 
ascertained  rainfall,  the  conditions  are  too  various  for  treatment  according  to  general  rules,  and  there 
is  no  question  that  will  more  severely  ta.x  the  skill  and  the  experienced  judgment  of  the  engineer 
than  will  the  proper  and  economical  regulations  of  surface  and  the  construction  of  underground 
channels  to  meet  the  requirements.  Certain  general  principles,  however,  may  be  accepted  as 
applicable  in    nearly   all    cases. 

1.  Rainfall  should  not  be  used  as  a  street-sweeping  machine,  unless  exceptionally  where  the 
gutter  is  discharged  directly  into  a  stream  or  harbor  that  will  not  be  fouled  or  silted  up  by  the 
foreign  substances  thus  brought  to  it,  or  where  dredging  is  a  cheaper  means  for  removing  all  street- 
rubbish    than    the    use    of    ordinary  street-cleaning   appliances. 

2.  Streets  being  kept  in  a  decently  clean  condition,  there  is  ordinarily  no  objection  to  the  dis- 
charge of  the  wash  into   the  natural  drainage  channels  of  the  district. 

3.  So  far  as  storm-water  can  flow  through  gutters  without  serious  injury  to  public  or  private 
property,  it  renders  valuable  service  in  keeping  them  clean. 

4.  Where  surface-guttering  and  small  sewer  provisions  are  sufficient  for  storms  of  ordinary  severity, 
and  where  provision  can  be  made  to  discharge  the  overflow  of  such  great  floods  as  occur  at  intervals 
of  years,  the  underground  channels  may  safely  be  confined  to  moderate  dimensions.  Where  they  must 
serve  all  purposes  and  constitute  the  only  outlet  for  flood-waters,  they  must  be  made  large  enough  to 
accommodate  these.  This,  however,  very  rarely  happens,  nature  having  already  indicated,  before  the 
building  of  the   town,  the   necessity   for  keeping  important    drainage-channels   open.* 

5.  The  controlling  reason  for  carrying  surface-water  underground  at  all  is  to  get  it  out  of  the  way 
of  traffic.  This  is  as  well  accomplished  at  a  depth  of  two  feet  as  of  twenty  feet.  Covered  ""utters 
are  largely  used,  and  often  where  the  whole  flood  passes  on  the  surface,  as  in  Dayton,  Ohio,  the  cover- 
ing of  the  cross-gufters  accomplishes  all  that   is  necessary. 

6.  The  most  serious  incident  of  this  subject  relates  to  the  formation  of  ice,  especially  in  con- 
nection with  house-drains.  In  the  more  Northern  towns  this  is  really  serious,  and  in  these  latitudes 
it  should  always  have  weight  in  considering  the  degree  to  which  surface-water  shall  be  carried  under 
the  streets.  Roof  leaders  should  be  carried  under  the  sidewalks,  at  least  to  the  gutter-line.  This  seems 
generally  to  suffice.  In  fact,  while  ice  is  much  more  persistent  when  once  formed  in  Albany  than 
it  is  in  Philadelphia,  the  frequent  freezing  and  thawing  at  the  latter  place  constitute,  on  the  whole, 
a  more  serious  annoyance.  It  is  disagreeable  to  have  street-gutters  filled  with  ice,  as  it  is  to 
encounter  other   incidents   of  a   Northern    winter.     Relief  may,   however,  be   secured  at   too  great  a  cost. 

*In  Dubuque,  Iowa,  a  certain  street  occupies  the  bed  of  a  dry  run  wliich  at  times  carries  a  great  flood  from  tlie  uplands. 
Suitable  provision  for  carrying  tliis  flood  underground  would  have  been  too  costly  to  be  considered.  The  difficulty  was 
met  by  depressing  the  street  to  a  depth  of  several  feet  below  the  sidewalks,  making  the  centre  line  the  lowest,  and  paving  it  with 
granite  blocks.  During  great  floods  it  is  an  impassable  torrent,  but  the  water  subsides  in  a  very  short  time,  so  that  the  incon- 
venience to  traffic  is  not,  on  the  whole,  serious,  and  a  great  source  of  danger  has  been  successfully  and  economically  guarded 
against. 
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A  system  of  combined  sewers,  with  frequent  street  inlets  and  with  all  roof-leaders  connected,  will 
reduce  the  annoyance  to  a  minimum;  it  will,  in  fact,  confine  it  to  the  effect  of  accumulations  of  snow, 
and  subsequent  thaw,  or  rain.  If  these  combined  sewers  are  properly  constructed  and  carefully 
maintained,  there  may,  in  some  cases  be  less  objection  to  them  than  there  would  be  to  the  accumula- 
tions of  ice  which  they  prevent. 

It  is  to  be  remembered  that  when  the  engineer  has  finished  his  work  and  the  sewers  are  put  in 
use  all  is  not  yet  accomplished.  Mr.  Rawlinson  speaks  of  cases  where  "good  sewers  are  neglected 
and  so  become  dangerous."  Of  filth  diseases  he  says  that  their  occurrence  "after  sewers  have  been 
provided  is  not  a  reason  for  blaming  the  sewers,  but  for  seeing  that  sewers  properly  fulfil  their  object 
of  removing  filth.  Sanitary  appliances  cannot  be  provided  once  for  all,  and  to  be  then  forgotten, 
without  ending  in  disappointment ;  unceasing  attention  to  them  is  wanted  to  secure  the  efficiency 
of  their  action."  It  becomes,  therefore,  a  question  whether  it  is  better  to  depend  on  a  sewer-clean- 
ing gang  whose  work,  and  the  need  for  it,  and  the  completeness  of  it  are  hidden  to  all  but  themselves, 
or  on  a  street-cleaning  gang  the  early  and  prompt  execution  of  whose  work  is  under  the  observation 
of  all.  So  far  as  serious  difficulty  exists  in  either  direction,  the  ice  question  is  of  short  duration  and  its 
control  is  a  matter  of  expense  only,  while  the  filthy  sewer  question  is  perennial  and  its  effects  always 
insidious. 

7.  In  dealing  with  storm-water,  more  than  in  any  other  element  of  our  work,  the  motto  "Divide 
et  impera"  applies.  The  more  we  can  prevent  accumulations  the  more  easy  of  success  will  be  the 
treatment.     Many  outlets  are  better  than  one,   and   small  drainage  areas  better  than   large  ones. 

8.  For  outlet  sewers  and  other  points  where  the  storm-water  conduit  lies  at  sufficient  depth,  the 
same  channel  may  safely  be  used  to  carry  the  foul  drainage  of  the  town,  provided  that  this  is  of  suffi- 
cient volume  to  give  the  whole  line  a  thoroughly  cleansing  flow  at  least  during  the  morning  hours  ot 
the  day. 

Where  this  is  not  the  case  it  is  sometimes  well  to  use  the  storm-water  sewer  as  the  outlet  of  a 
large  flush-tank  receiving  the  discharge  of  foul  sewers.  There  is  such  a  flush-tank  in  the  course  of  the 
main  sewer  of  a  district  of  San  Diego,  which  accumulates  about  three  thousand  cubic  feet  of  sewage, 
and  then  discharges  the  whole  rapidly  into  the  main,  with  sufficient  force  and  volume  to  maintain  a 
good  condition   in   a  sewer  of   considerable    size   and   length. 

Driblets  of  dry-weather  sewage  should  not  be  carried  in  storm-water  sewers ;  and  even  where 
large  volumes  are  carried,  that  part  of  the  storm-water  system  should  be  separated  by  a  back-air  flap 
from   the  rest   of   the   system,   other   means   for   the   ventilation   of   this  being  provided. 

9.  Storm-water  brought  rapidly  from  a  dozen  drainage  areas  by  pipe-sewers  laid  on  steep  grades 
eannot  be  received  by  a  sewer  that  would  be  amply  large  to  accommodate  it  all  if  coming  slowly  by 
surface-gutters.* 

Storm-water  is  admitted  in  practice  in  widely  differing  degrees.  The  combined  system  takes  it 
all,  or  at  least  it  drains  from  the  whole  surface,  covered  and  open.  The  English  separate  system 
takes  the  water  of  all  storms,  heavy  or  light,  from  small  areas,  such  as  the  rear  roofs  and  back  courts 
of  houses,  sometimes  more  and  sometimes  less. 

The  fundamental  objection  to  both  of  these  customs  relates  to  the  increase  needed  in  the  sizes 
of  the  sewers.  In  the  combined  system  they  must  be  made  large  enough  for  the  removal  of  large 
amounts  of  rainfall,  and  large  enough  to  facilitate  the  hand-removal  of  the  varied  road  detritus  and 
other  rubbish   carried  into  them   by  heavy  storms  and  deposited  along  their  inverts. 

If  the  water  falling  upon  roofs  and  yards  is  to  be  admitted  at  all,  and  if  these  are  to  depend  on 
the  sewers  as  a  means  of  relief,  then  the  whole  system  must  be  calculated   to  carry,  without  becoming 

*This   was   notably    shown    in   connection    witli    the   Saratoga   main  sewer,  as   described    in   another  place. 
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o-oro-ed,  the  greatest  amount  of  rain-water  that  could  ever  reach  the  sewers  from  these  surfaces  after 
the  complete  building  of  the  town,  at  least  to  the  point  where  relief  overflows  can  be  provided. 

It  is  not  safe,  especially  where  inclinations  are  tolerably  steep,  to  depend  on  sewers  whose  capacity 
is  calculated  with  icference  to  the  amount  of  water  to  be  removed  alone.  A  serious  added  element 
is  the  air  carried  into  the  sewers  by  the  rapid  rush  of  water  through  inlets  from  the  street-gutter, 
and  more  especially  through  the  down-spouts  carrying  roof-water.  The  amount  of  air  thus  forced 
into  the  sewer  under  considerable  pressure  is  large.  If  manholes  are  frequent  and  well  ventilated, 
sufficient  relief  may  thus  be  given  ;  but,  in  the  absence  of  sufficient  re'ief  sewage,  in  an  almost  efTerves- 
cing  condition  is  sometimes  thrown  forcibly  back  through  house-drains  into  the  lower  apartments  con- 
nected with  the  drainage.  The  force  of  this  compressed  air  is  at  times  great.  There  have  been  cases 
where  manhole-covers,  not  perforated  and  luted  firmly  down  with  accumulated  dirt,  have  withstood 
the  pressure  until  it  became  so  great  that  when  they  finally  }ielded  they  were  blown  high  into  the  air, 
the  spray  of  sewage  being  thrown,  as  reported,  to  the  height  of  twenty  or  thirty  feet  above  the 
surface. 

All  of  these  explosive  effects  are  due,  not  to  a  superabundance  of  water,  but  to  a  superabundance 
of  air  carried  into  the  sewers  under  pressure  along  with  rapid  currents.  Water  has  no  elasticity.  It 
sometimes  forces  open  the  roof  of  a  sewer  or  lifts  manhole  covers  and  flows  out  with  great  force ;  but 
whenever  the  explosive  or  blowing  action  is  produced  it  is  the  result  of  air  driven  into  the  sewer,  or 
carried  along  in  it,  under  such  force  as  to  subject  it  to  strong  compression. 

With  the  prevailing  tendency  to  make  all  sewers  too  large  rather  than  too  small,  inconvenience 
from  this  source,  except  where  grades  are  very  steep,  has  not  often  been  noticed ;  but  with  the  grow- 
ing tendency  to  construct  sewers  of  small  section,  there  is  great  danger  that  in  the  desire  to  carry  the 
controlling  motive,  economy,  to  its  complete  results,  they  may  be  made  much  too  small  to  receive 
safely  excessive  roof  and  yard  contributions  of  storm-water  and  air,  where  such  contributions  are 
admitted. 

The  unfavorable  effect  of  such  admission  of  storm-water  as  is  above  described  is  less  likely  to 
occur  with  the  large  sewers  of  the  combined  system  than  with  the  modified  form  of  the  separate  system 
used  in  England.  Doubtless  the  difficulty  is  due  in  much  greater  degree  to  roof-water  and  its  rush 
through  down-spouts  than  to  water  flowing  from  the  surface  of  the  ground.  A  good  compromise, 
where  roof-water  is  introduced,  is  to  restrict  the  size  of  the  down-spouts  to  what  is  necessary  for  the 
removal  of  ordinary  light  storms,  submitting  to  the  occasional  inconvenience  of  a  drip  from  the 
roof  during  heavy  storms.  This  would  require  the  control  of  these  details  by  the  authorities  hav- 
ing charge  of  the  sewerage  system,  but  would  prevent  difficulties. 

A  more  effective  and  complete,  though  somewhat  more  costly,  method  of  relief  is  that  recom- 
mended by  Mr.  J.  J.  R.  Croes  in  his  report  on  the  sewerage  of  East  Orange,  N.  J.  He  prescribes 
the  separate  system  of  small  pipes  with  the  addition  of  the  gradual  admission  of  roof-water.  His 
plan  was  to  construct,  in  connection  with  each  house,  a  cistern  large  enough  to  receive  the  roof- 
water  of  the  heaviest  storm,  connecting  the  lower  part  of  the  cistern  by  a  small  pipe  — say  a  one-inch 
lead  pipe— with  the  sewers.  The  effect  of  this  would  be  to  store  all  of  the  roof-water  in  the  cistern  at 
the  outset,  allowing  it  to  escape  slowly  through  the  small  pipe  into  the  sewers,  which  would  thereby 
receive  a  considerable  aggregate  flushing  effect,  and  which  would  remove  all  roof-water  without  the 
risk  of  becoming  overcharged. 

A  more  serious  result  of  admitting  water  from  the  surface  of  the  ground  relates  to  the  rubbish,  such 
as  leaves,  twigs,  gravel,  sand,  horse-manure,  etc.,  which,  while  most  of  it  is  subject  to  removal  through 
the  sewer  during  the  heavy  storm-flow,  is  apt  during  the  latter  and  lighter  portion  of  the  flow  to 
become    deposited  and    washed   into   accumulations,  to   remain  as  a    more  or  less   permanent   obstruction 
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and  seat  of  decomposition.  Probably  the  most  troublesome  rubbish  that  sewers  receive  is  a  mixture 
of  leaves  and  sand.  The  leaves  become  imrtly  buried  in  the  sand,  which  they  overlap  and  protect 
after  the  manner  of  shingling  ag.iinst  the  action  of  the  most  copious  flow. 

In  this  connection,  it  is  important  again  to  call  attention  to  the  fact  that  sewers  which  receive 
storm-water  have  their  walls  alternately  washed  by  foul  sewage  and  then  left  exposed  in  a  slimy  con- 
dition, giving  off  the  unpleasant  and  injurious  exhalations  which  are  the  most  offensive  elements  of 
"sewer-gas."  I  aho  recur  to  the  fact  that  ventilation  of  the  sewer,  as  of  any  other  enclosed  space, 
is  in  proportion  to  the  size  and  efficiency  of  its  air  inlets  and  outlets  as  compared  with  the  whole 
volume  of  contained  air  to  be  changed.  The  larger  the  sewer  the  less  active  will  given  means  of  ven- 
tilation be.  The  ordinary  means  of  ventilation — the  perforation  of  manhole-covers  with  a  few  small 
holes — is  totally  ineffective  under  all  circumstances,  though  it  may  give  vent  to  pressure. 

The  hand-cleansing  of  sewers  is  so  troublesome,  and  the  need  of  its  complete  performance  is  so 
little  appreciated,  that  it  may  be  stated,  as  a  rule  with  few  exceptions,  that  storm-water  sewers,  espe- 
cially brick  sewers,  are  always  more  or  less  foul  and   objectionable. 

Whoever  will  take  the  trouble  to  inspect  the  ordinary  dry-weather  flow  of  the  ordinary  combined 
brick  sewer  will  find  usually  only  a  trickling  stream  of  blackish,  foul-smelling  sewage,  tainted  with  the 
products  of  the  putrefaction  of  organic  matters  deposited  along  its  course. 

The  first  deduction  to  be  drawn  from  the  foregoing  statement  must  be  that,  other  things  being 
equal,  it  is  better  not  to  embarrass  the  working  of  the  sewer  by  admitting  surface-wash  into  it  ;  the 
second  is  that,  where  this  combination  of  storm-water  and  sewage  is  adopted,  special,  constant,  and 
unending  pains  should  be  taken  by  the  authorities  to  keep  them  clean. 

To  recite  my  own  observation  and  experience  in  connection  with  the  devising  of  a  system  of 
sewerage,  I  would  say  that  I  had  long  been  of  the  opinion  that  something  better  was  possible  than 
the  separate  system  as  used  in  England.  But  English  practice  had  so  long  been  accepted  as  a  suf- 
ficient guide  for  works  here  that  it  was  not  altogether  easy  to  confirm  this  opinion  into  a  conviction, 
and  it  was  much  less  easy,  with  the  data  then  at  hand,  to  create  a  corresponding  conviction  in  the 
minds  of  others. 

As  a  necessary  preliminary  to  actual  work  it  seemed  important  to  secure  actual  information. 
To  this  end  I  obtained  an  appropriation  from  the  National  Board  of  Health  for  the  systematic  gaug- 
ing of  the  dry-weather  flozv  of  certain  typical  sewers  in  different  parts  of  the  country.  A  summary 
of  the  results  obtained  is  published  in  the  Annual  Report  of  the  National  Board  of  Health,  1879, 
page   167,  and  a  complete  report   in  the  volume  for   1880. 

The  facts  of  these  gaugings  may  be  stated  as  follows:  Their  purpose  was  to  determine  the  size 
of  conduit  needed  for  the  removal  of  the  greatest  amount  of  sewage  matter  produced  by  given  popu- 
lations ;  in  other  words,  to  determine  the  degree  to  which  it  would  be  safe  to  reduce  the  sizes  of 
public  sewers  in  cases  where  the  object  is  only  to  remove  the  foul  sewage  matters  of  households, 
manufacturing  establishments,  public  institutions,  etc.  No  attempt  was  made  at  an  elaborate  scienti- 
fic examination  of  the  flow  beyond  what  was  necessary  for  this  one  purpose.  Formulae  in  use  among 
engineers  would  lead  to  substantially  the  same  result  with  actual  gaugings  ;  but  their  educational  effect 
would  be  less  marked,  because  calculations  based  upon  scientific  formula;  are  less  readily  comprehended 
by  the  average  municipal  ruler. 

The  following  sewers  were  gauged  : 

(a)  A  large  brick  sewer  seven  thousand  feet  long,  including  its  branches,  in  Madison  Avenue,  New 
York,  the  district  being  about  half  built  up  with  houses  of  the  better  class. 

(U)  A  sewer  in  a  single  street  in  Providence,  R.  I. 

{c)  A  sewer  with  a  single  short  branch  in  Burlington,  Vt.  • 
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(d)  Six  sewers  in  a  closely  built  part  of  Milwaukee,  Wis. 

{e)  The  sewers  draining  the  State  Lunatic  Asylum  at    Poughkeepsie,  N.   Y. 

(/)  A  characteristic  sewer  in  the  city  of  Poughkeepsie. 

(g)  The  sewers  draining  the   Hospital  for  the  Insane  at   Taunton,   Mass. 

(}i)  A  large  brick  sewer  in   St.   Louis,   Mo. 

It  is  believed  that  these  gaugings  give  a  fair  average  result  covering  a  sufficient  variety  of  condi- 
tions. They  were  taken  with  care,  and  the  report  as  published  by  the  National  Board  of  Health  is 
illustrated  with  twenty-five  maps  and  diagrams  giving  exact  information  as  to  the  conditions,  and  with 
elaborate  tables   of   the  observations  made,  of   the   population  of   the   districts,   character  of  buildings,  etc. 

The  following  summary  indicates  the  general  result  reached  in  each  case  : 

[a)  The  greatest  dry  weather  flow  of  this  sewer  was  discharged  through  a  notch  (in  a  weir)  4 
inches  wide.     The  flow  filled  the  notch  to  the  depth  of  3I  inches. 

(/')  Sewer  1,391  feet  long,  inclination  from  0.86  per  100  to  4.18  per  100.  The  district  drained  con- 
tained 60  dwelling-houses,  41  of  them  connected  with  the  sewer.  Population  tributar\'  to  the  sewer, 
267.  The  greatest  flow  reached  a  depth  of  0.4375  '"ch  in  a  twelve-inch  sewer.  Being  reduced  to  a 
channel  having  a  radius  of  3  inches,  the  greatest  depth  of  flow  therein  was  0.875  inch.  A  pipe  1.84 
inches  in  diameter,  running  full  at  the  same  velocity,  would  carry  the  greatest  flow  of  sewage  from  this 
population  of  267  persons. 

if)  The  total  length  of  this  sewer  was  2,790  feet  ;  inclination  from  0.435  pei"  'OO  to  3.39  per  100. 
The  district  drained  contains  85  houses,  of  which  54  are  connected  with  the  sewer,  49  of  these  being 
dwellings  and  5  being  shops.  The  population  tributary  to  the  se.ver  is  325.  The  greatest  flow 
reached  a  depth  of  1.2  inches  in  a  channel  of  three-inch  radius.  A  pipe  2.25  inches  in  diameter  running 
full  at  the  same  velocity  would  carry  the   greatest  flow  of  sewage  from    this  population   of  325  persons. 

(c/)  The  most  instructive  of  this  set  of  gaugings  is  thus  described:  "This  sewer  is  42  inches  in 
diameter.  The  grade  of  the  sewer  at  the  point  where  the  gaugings  were  taken  was  about  i  in  400. 
The  area  tributary  to  the  sewer  is  about  70  acres,  all  nearly  level,  closely  built,  containing  500  houses, 
mostly  dwellings,  and  a  total  population  of  4,035.  One  hundred  and  thirty-two  of  the  buildings  are 
not  connected  with  the  sewer;  the  remaining  368  buildings  contain  a  total  population  of  3,177,  all  of 
whom  are  tributary  to  the  sewer.  There  are  several  hotels,  saloons,  small  factories,  and  livery  stables  ; 
so  that  the  district  is  fairly  representative  of  an  average  city  area. 

The  greatest  flow  in  the  main  sewer  on  "  washing-day  '* — the  greatest  flow  of  the  week — attained 
a  depth  of  6   inches,  the  diameter  of  the  sewer  being  42   inches. 

The  channel  being  reduced  to  a  diameter  of  10  inches,  the  greatest  depth  of  the  flow  was  4.5 
inches.  Reduced  to  a  diameter  of  8  inches,  the  depth  remained  the  same,  4.5  inches.  Reduced  to  a 
diameter  of  6  inches,  it  reached  a  depth  of  5.5   inches. 

The  influence  on  the  velocity  of  the  stream  by  increasing  its  hydraulic  mean  depth  is  illustrated 
by  the  following  figures: 

Forty-two-inch  sewer,  6  inches  deep;  cross-section   of  stream,    12 1.3   square   inches. 

Ten-inch  sewer,  4.5    inches  deep;   cross-section   of  stream,   33.1    square  inches. 

Eight-inch   sewer,   4.5    inches  deep  ;    cross-section   of  stream,    27.7  square    inches. 

Six-inch   sewer,    5  5   inches  deep;   cross-section    of  stream,   27.14  square   inches. 

(f)  The  hospital  at  Poughkeepsie  uses  a  daily  average  of  about  80,000  gallons  of  water.  The  waste 
is  all  discharged  through  a   main   sewer   12  inches   in   diameter  with   a   rapid    fall. 

On  the  da_\-  of  examination,  January  17,  1880,  the  hospital  had  301  inmates,  241  patients  and  60 
employees.  The  flow  was  measured  between  9  A.M.  ami  12  M.  at  intervals  of  ten  minutes.  The 
maximum   discharge  took   place  at  9.30.     The  channel  was  reduced  to  a  diameter  of  6   inches,  and    the 
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measurements  were  made  with  a  thin  strip  of  wood  set  edgewise  to  the  current.  The  maximum  flow 
attained  a  depth  of  3.25  inches.  At  9.20  it  had  attained  2.50  inches,  and  at  9.40  it  reached  only  2.75 
inches.     At    11.20   it   again   touched    3  inches. 

A  concise  statement  of  the  case  would  be  this:  301  persons  consuming  80,000  gallons  of  water 
per  day,  being  265  gallons  per  head,  produced  an  amount  of  sewage  sufificient,  at  its  maximum,  to 
create  a   stream    in   a   six-inch   pipe    3^   inches   deep. 

A  pipe  4.25  inches  in  diameter  running  full  at  the  same  velocity  would  carry  the  greatest  flow  of 
sewage  from  this  population  of  301  persons. 

(y)  A  fifteen-inch  vitrified-pipe  sewer  in  Poughkeepsie,  having  a  total  length  of  2,766  feet,  drained 
39  houses  with  a  population  of  426.  The  greatest  flow  in  a  pipe  6  inches  in  diameter  was  2.25  inches 
in  depth.  A  pipe  a  trifle  more  than  3  inches  in  diameter  running  full  at  the  same  velocity  would  carry 
the  greatest  flow  of  sewage  from  this  population  of  426  persons. 

(g)  At  the  Taunton  Hospital  the  flow  is  divided,  a  ten-inch  pipe  carrying  all  except  the 
laundry-water.  "  The  summary  of  the  report  shows  that  the  population  occupying  this  hospital,  659 
in  number,  produced  sewage  matter  from  all  sources,  except  the  laundry,  sufficient  to  cause  a  depth 
of  flow  in  the  six-inch  pipe  of  only  if  inches  at  the  greatest.  A  pipe  a  trifle  less  than  3  inches  in 
diameter  running  full  at  the  same  velocity  would  carry  the  greatest  flow  of  sewage  from  this  popu- 
lation   of  659  persons. 

A  separate  investigation  of  the  flow  of  the  laundry-sewer  showed  very  great  variations,  due  to 
the  fact  that  sometimes  one  and  sometimes  all  of  the  large  washing-machines,  five  in  number,  were 
emptied  suddenly,  producing  a  great  momentary  increase.  The  minimum  flow  between  9.30  and  11.30 
A.M.  was  less  than  i  inch  in  depth  (.875).  At  10.40  A.M.  the  maximum  flow  was  produced  by  the 
simultaneous  emptying  of  all  the  machines.  This  raised  the  depth  of  water  in  the  six-inch  pipe  to  2\ 
inches.  In  ten  minutes  it  had  fallen  to  i|  inches.  The  maximum  flow  would  have  been  carried 
at  the  same  velocity  through  a  pipe  3.50   inches  in   diameter. 

The  entire  maximum  flow  of  the  two  sewers  would  have  been  carried,  supposing  the  velocity  to 
be   the  same,   in   a  pipe   4.58   inches  in   diameter. 

In  illustration  of  the  popular  misconceptions  on  this  subject,  it  is  curious  to  note  that,  in  con- 
sideration of  the  large  volume  of  foul  sewage  produced  by  this  hospital,  it  was  seriously  proposed 
that  the  State  should  pay  to  the  town  one-half  of  the  cost  of  a  five-foot  sewer  to  serve  as  a  main  outlet. 

{Ji)  The  most  elaborate  item  of  these  investigations  was  that  connected  with  the  Compton  Avenue 
sewer  in  St.  Louis,  Mo.,  which  drains  an  area  containing  1,370  houses  occupied  by  a  population  of 
8,200.  The  total  number  of  water-taps  was  1,391.  The  sewer  is  7  feet  3  inches  in  diameter.  It 
was  obstructed  by  a  dam,  into  which  was  built  a  twelve-inch  vitrified-pipe  sewer,  which  was  con- 
tinued for  a  length  of  20  feet.  The  gaugings  were  taken  simultaneously  at  three  different  points, 
the  average  of  these  being  the  assumed  depth  through  the  20  feet  of  twelve-inch  pipe.  The  greatest 
depth    reached    in    this    pipe    was    less    than    7    inches    (.5833    foot). 

A  computation  of  the  amount  of  flow  as  compared  with  the  population  makes  it  evident  that 
the  sczjcr  must  have  received  a  very  large  amount  of  ground  zvater,  for  the  total  flow  (over  1,000,000 
gallons  per  day)  amounted  to  more  than  130  gallons  for  each  member  of  the  population,  which,  in  a 
district  having  only  about  one  water-tap  to  each  house,  would  be  an  impossible  amount.  It  is  usual 
to  estimate  a  maximum  daily  use  for  domestic  [iLirposes  of  about  33  gallons  per  head  of  population. 
Deciding  the  total  flow  by  this  amount,  we  might  assume  that  the  twelve-inch  pipe  used  in  this 
instance,  carrying,  at  its  maximum,  less  than  7  inches  in  depth  of  water,  was  doing  the  amount  of 
work  that  would  be  required  for  removing  the  sewage  only  of  a  population  of  over  30,000,  supposing 
the  sewers  to  be  absolutely  tight  so  that  only  household  wastes  should  enter  them. 
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Flowing  at  the  same  velocity,  the  whole  stream  would  have  been  carried  by  a  pipe  a  trifle  more 
than   9   inches   in  diameter. 

The  Ohio  Avenue  sewer  in  St.  Louis  was  gauged  at  the  same  time.  The  sewer  is  7  feet  3 
inches  in  diameter  (necessarily  very  large,  because  of  large  amounts  of  storm-water  which  it  was 
constructed  to  remove).  Its  district  contains  120  houses,  with  a  population  of  760.  The  greatest  dis- 
charge   of  sewage  from  this  population  filled  a  six-inch  pipe  to  a  depth  of  only  \\  inehes. 

It  becomes  now  a  very  important  question  to  determine  to  what  extent  it  may  be  prudent  to 
restrict  the  sizes  of  pipe-sewers  where  storm-water  is  completely  excluded. 

The  gaugings  quoted  indicate  very  clearly  that  the  practical  result — i.e.,  the  observed  amount  of 
outflow  from   given  populations — is  in   substantial  accordance  with   theoretical  estimates. 

In  anticipation  of  the  meeting  of  the  American  Public  Health  Association,  at  Nashville,  Tenn. 
(1879),  Dr.  Cabell,  the  president  of  the  Association,  and  also  president  of  the  National  Board  of 
Health,  invited  me  to  prepare  a  paper  on  sewerage  which  should  be  a  theoretical  description  of  an 
ideal  system,  to  be  presented  not  as  a  guide  for  engineering  work,  but  as  a  topic  for  criticism  and 
discussion  at   the  meeting. 

In  compliance  with   the  invitation   I   presented  a  paper  from  which  the   following  is   extracted : 

The  president  has  asked  me  to  prepare  a  paper  concerning  the  most  perfect  methods  of  city 
sewerage — one  which  may  serve  as  a  standard  of  comparison  in  considering  the  character  of  existing 
work.  It  is  impossible  to  foretell  the  improvements  which  are  to  grow  out  of  the  present  rapidly  increas- 
ing interest  among  intelligent  and  ingenious  men  in  all  that  relates  to  sanitary  practice.  If  I  were  to 
attempt  now  to  set  forth  the  details  of  a  perfect  system  of  sewerage,  I  fear  that  my  recommendations, 
like  those  for  Di.  Richardson's  city,  Hygeia,  would  exceed  what  practical  men  and  investors  of  capital 
would  accept. 

The  most  that  it  is  prudent  to  do  is  to  consider  the  question  in  its  purely  sanitary  bearings,  and 
to  indicate  in  what  way  the  best  requirements  of  public  health  may  be  met,  in  the  light  of  our  present 
knowledge. 

So  far  as  we  can  judge  of  the  future  from  the  indications  of  the  present,  it  would  seem  that  in  one 
respect  we  are  to  witness  a  very  marked  change  in  the  practice  of  sanitary  engineering.  There  is  much 
reason  for  believing  that  there  will  be  a  distinct  separation  between  the  application  of  sewerage  to  the 
removal  of  domestic  and  manufacturing  wastes  and  soil-water,  and  the  construction  of  conduits  for  the 
protection  of  public  and  private  property  against  the  action  of  storm-water.  This  latter,  like  the  con- 
struction of  roadways  and  bridges,  will  be  treated  as  a  purely  civil-engineering  question,  having  at  best 
only  an  indirect  sanitary  relation.  The  interests  of  public  health,  so  far  as  sewerage  is  concerned, 
will,  in  my  opinion,  be  best  served  by  a  close  adherence  to  the  collection  and  removal  of  foul  waters 
and  to  their  proper  final  disposal. 

This  suggestion  is  not  new.  The  discussion  between  the  advocates  of  the  combined  and  the 
separate  systems  of  sewerage,  especially  in  England,  has  long  been  active.  The  issue  between  them 
seemed  doubtful  until  the  matter  of  agricultural  or  chemical  purification  of  the  effluent  became 
prominent. 

The  arguments  in  favor  of  the  exclusion  of  storm-water  from  the  sewers  proper  seem  to  me  so 
conclusive  that  I  no  longer  hesitate  to  accept  such  separation  as  essential  to  the  best  sanitary 
sewerage. 

Sewers  large  enough  to  remove  storm-water,  according  to  the  usual  formulae,  are  open  to  several 
serious   objections  : 

1.  The  question  of  cost  is  so  often  the  controlling  question,  even  in  improvements  of  the  most 
vital  importance,  that  the  expense  entailed  by  the  construction  of  storm-water  sewers  constitutes  an 
insuperable  obstacle  in  the  case  of  many  a  small  town  where  sewerage  is  most  necessary.  Even  in  the 
larger  cities  the  expenditure  in  this  direction  might  sometimes,  if  not  always,  be  economized  for  the 
benefit  of  other  necessary  work. 

2.  The  larger  the  sewer  the  more  difficult  becomes  its  ventilation. 
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3.  Cases  are  extremely  rare  where  sewers  of  the  storm-water  size  are  not,  at  least  during  the  dry 
and  hot  season,  sewers  of  deposit  to  such  an  extent  as  to  have  their  air  made  foul  by  the  decompo 
sition  of  their  sediment. 

4.  Where  the  question  of  final  disposal  has  become  important,  the  admixture  of  storm-water 
with  the  sewage  leads  to  the  constant  embarrassment  of  the  system,  whether  the  process  be  chemical 
or  agricultural. 

There  seems  to  be  no  controlling  reason  why  storm-water  should  be  admitted  to  the  sewers  at 
all  for  very  long  reaches  of  the  streets ;  and  not  seldom,  throughout  the  whole  of  the  smaller  towns, 
the  whole  rainfall  may  be  discharged  over  the  surface  without  causing  inconvenience. 

Until  about  1854  the  cities  of  Albany  and  Troy,  both  large  towns  and  both  having  very  steep 
grades  terminating  on  level  ground,  had  no  storm-water  sewers.  The  inconvenience  caused  during 
heavy  storms  was  inconsiderable,  and  there  was  practically  no  material  injury  to  public  or  pri- 
vate property.  The  sewers  were  built  to  the  storm-water  size  only  in  conformity  with  the  general 
custom. 

The  carrying  of  surface-water  to  a  depth  of  ten  or  fifteen  feet  below  the  surface  seems  to  be  at 
least  unnecessary.  Street-wash  can  be  safely  admitted  to  sewers  only  after  passing  through  settling- 
basins,  and  these  are  sure  to  accumulate  an  offensive  and  dangerous  amount  of  decomposing  filth. 

I  believe  that  one  of  the  most  important  improvements  that  we  are  destined  to  see  is  the  removal 
of  storm-water,  so  far  as  possible,  by  surface-gutters,  carrying  away  the  greater  accumulations  through 
very  shallow  conduits,  largely,  perhaps,  through  covered  gutters  easily  accessible  for  cleansing  and 
flushing. 

This  part  of  the  engineering  problem  being  satisfactorily  provided  for,  the  sanitary  drainage  of  a 
town — the  removal  of  the  wastes  of  its  population — becomes  a  simple  problem.  It  implies,  however, 
one  condition  which,  although  almost  unknown  in  America,  has  been  shown  by  foreign  practice  to  be 
an  attainable  one  ;  that  is,  it  requires  that  the  streets  be  kept  clean  by  some  other  means  than  occa- 
sional drenching  by  storms.  There  is  no  more  inefficient,  costly,  and  dangerous  scavenger  than  the  ram 
which  falls  upon  the  surface  of  our  roadways,  and  washes  their  horse-droppings  into  the  catch-basins 
at   the  street-corners. 

In  my  judgment,  a  perfect  system  of  sanitary  sewerage,  for  a  small  town  or  a  large  one,  would  be 
something  like  the  following : 

No  sewer  should  be  used  of  a  smaller  diameter  than  six  inches,  ia)  because  it  will  not  be  safe  to 
adopt  a  smaller  size  than  four-inch  for  house  drains,  and  the  sewer  must  be  large  enough  surely  to 
remove  whatever  may  be  delivered  by  these ;  (b)  because  a  smaller  pipe  than  six-inch  would  be  less 
readily  ventilated  than  is  desirable  ;  {c)  and  because  it  is  not  necessary  to  adopt  a  smaller  radius  than 
three  inches  to  secure  a   cleansing  of  the  channel  by  reasonably  copious  flushing. 

No  sewer  should  be  more  than  six  inches  in  diameter  until  it  and  its  branches  have  accumulated 
a  sufficient  flow  at  the  hour  of  greatest  use  to  fill  this  size  half  full,  because  the  use  of  a  larger  size 
would  be  wasteful,  and  because  when  a  sufficient  ventilating  capacity  is  secured,  as  it  is  in  the  use 
of  a  six-inch  pipe,  the  ventilation  becomes  less  complete  as  the  size  increases,  leaving  a  larger  volume 
of  contained  air  to  be  moved  by  the  friction  of  the  current  or  by  extraneous  influences,  or  to  be  acted 
upon  by  changes  of  temperature  and  of  volume  of  flow  within  the  sewer. 

The  size  should  be  increased  gradually  and  only  so  rapidly  as  is  made  necessary  by  the  filling  of 
the  sewer  half-full  at  the  hour  of  greatest  flow. 

Every  point  of  the  sewer  should,  by  the  use  of  gaskets  or  otherwise,  be  protected  against  the 
least  intrusion  of  cement,  which,  in  spite  of  the  greatest  care,  creates  a  roughness  that  is  liable  to  accu- 
mulate obstructions. 

The  upper  end  of  each  branch-sewer  .should  be  provided  with  a  Field's  flush-tank  of  sufficient 
capacity  to  secure  the  thorough  daily  clean.sing  of  so  much  of  the  conduit  as  from  its  limited  flow  is 
liable  to  deposit  solid  matters  by  the  way. 

There  should  be  sufficient  man-holes,  covered  by  open  gratings,  to  admit  air  for  ventilation.  If 
the  directions  already  given  arc  adhered  to,  man-holes  will  not  be  necessary  for  cleansing.  The  use  of 
the  flush-tank  will  be  a  safeguard  against  deposit.  With  the  system  of  ventilation  about  to  be  described, 
it  will  suffice  to  place  the  man-holes  at  intervals  of  not  less  than    i,000  feet. 
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For  the  complete  ventilation  of  the  sewers  it  should  be  made  compulsory  for  every  householder 
to  make  his  connection  without  a  trap,  and  to  continue  his  soil-pipe  to  a  point  above  the  roof  of  his 
house.  That  is,  every  house  connection  should  furnish  an  uninterrupted  ventilation  cliannel  four  inches 
in  diameter  throughout  its  entire  length.  This  is  directly  the  reverse  of  the  system  of  connection  that 
should  be  adopted  in  the  case  of  storm- water  and  street-wash  sewers.  These  are  foul,  and  the  volume 
of  their  contained  air  is  too  great  to  be  thoroughly  ventilated  by  such  appliances.  Their  atmosphere 
contains  too  much  of  the  impure  gases  to  make  it  prudent  to  discharge  it  through  house-drains  and 
soil-pipes.  With  the  system  of  small  pipes  now  described  the  flushing  would  be  so  constant  and  com- 
plete, and  the  amount  of  ventilation  furnished,  as  compared  with  the  volume  of  air  to  be  changed, 
would  be  so  great,  that  what  is  popularly  known  as  "  sewer-gas  "  would  never  exist  in  any  part  of  the 
public  drains.  Even  the  gases  produced  in  the  traps  and  pipes  of  the  house  itself  would  be  amply 
diluted,  and  removed  by  the  constant  movement  of  air  through  the  latter. 

All  house  connections  with  the  sewers  should  be  through  inlets  entering  in  the  direction  of  the  flow, 
and  these  inlets  should  be  funnel-shaped,  so  that  their  flow  may  be  delivered  at  the  bottom  of  the  sewer, 
and  so  that  they  may  withdraw  the  air  from  its  crown  ;  that  is,  the  vertical  diameter  of  the  inlet  at  its 
point  of  junction  should  be  the  same  as  the  diameter  of  the  sewer. 

All  changes  of  direction  should  be  on  gradual  curves,  and,  as  a  matter  of  course,  the  fall  from 
the  head   of  each   branch   to   the   outlet   should   be  continuous. 

So  far  as  circumstances  will  allow,  the  drains  should  be  brought  together,  and  they  should 
finally  discharge  through  one   or  a   few    main  outlets. 

The  outlet,  if  water-locked,  should  have  ample  means  for  the  admission  of  fresh  air.  If  open,  its 
mouth  should   be  protected   against   the   direct   action  of   the   wind. 

It  will  be  seen  that  the  system  of  sewerage  here  described  is  radically  diiTerent  from  the  usual 
practice.  I  believe  that  it  is,  in  all  essential  particulars,  much  better  adapted  to  the  purposes  of  sani- 
tary drainage.  It  is  cleaner,  is  much  more  completely  ventilated,  and  is  more  exactly  suited  to  the 
work  to  be  performed.  It  obviates  the  filthy  accumulation  of  street  manure  in  catch-basins  and  sewers, 
and  it  discharges  all  that  is  delivered  to  it  at  the  point  of  ultimate  outlet  outside  the  town  before 
decomposition  can  even  begin.  If  the  discharge  is  of  domestic  sewage  only,  its  solid  matter  will  be  con- 
sumed by  fishes  if  it  is  delivered  into  a  water-course,  and  its  dissolved  material  will  be  taken  up  by 
aquatic  vegetation. 

The  limited  quantity  and  the  uniform  volume  of  the  sewage,  together  with  the  absence  of  dilution  by 
rainfall,  will    make   its  disposal    by   agricultural    or   chemical   processes   easy   and   reliable. 

The  cost  of  construction,  as  compared  with  that  of  the  most  restricted  storm  water  sewers,  will 
be  so  small   as  to  bring  the  improvement  within  the  reach  of  the    smaller    communities. 

In  other  words,  while  the  system  is,  in  my  judgment,  the  best  for  large  cities,  it  is  the  only  one 
that    can    be    afforded  in  the  case  of  small  towns. 

Circumstances  are  occasionally  such,  as  in  St.  Louis,  as  to  require  extensive  engineering  works  for 
the  removal  of  storm-water  through  very  deep  channels.  Ordinarily,  as  I  have  before  said,  the  removal  of 
storm-water  is  a  very  simple  matter,  if  we  will  accept  the  fact  that  it  is  best  carried,  so  far  as  possible, 
by  surface-gutters,  or,    in   certain   cases,   by  special   conduits    placed   near   the    surface. 

It  is  often  necessary,  in  addition  to  the  removal  of  house-waste,  to  provide  for  the  drainage  of  the 
subsoil.  Tliis  should  not  be  effected  by  open  joints  in  the  sewers,  because  the  same  opening  that 
admits  soil-water  may,  in  dry  seasons  and  in  porous  soils,  permit  the  escape  of  sewage  matters  into  the 
ground,  which  is  always  objectionable.  Soil-water  drains  may  be  laid  in  the  same  trench  with  the 
sewers.  When  they  discharge  into  the  sewer  they  should  always  deliver  into  its  upper  part,  or  into 
a   man-hole   at   a   point   above   the    flow-line    of   the  sewage. 

There  is  one  point  connected  with  the  drainage  of  towns  which  is  not  sufficiently  appreciated, 
especially  in  this  country— that  is,  that  it  is  easy  and  cheap  to  secure  a  deep  outlet  in  low  land,  and  to 
deliver  sewage  at  a  considerable  elevation  for  agricultural  treatment,  by  artificial  pumping. 

The  average  cost  of  pumping  for  water-works  is  about  nine  cents  per  foot  of  elevation  for  each 
million  gallons  raised. 

On  this  basis  the  cost  of  raising  the  sewage  of  a  town  of  10,000  inhabitants,  supposing  every  three 
persons  of  the  population  to  contribute  one  hundred  gallons  per  day  to  the  flow,  would  be  about  three 
cents  per  day  for  each  foot  of  elevation. 
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Even  supposing  that  twenty  inches,  or  about  one-half  of  the  annual  rain-fall,  finds  its  way  into  the 
subsoil,  the  cost  of  lifting  this  ten  feet  to  a  surface  outlet  would,  on  the  same  basis,  cost  only  about 
$i6o  per  annum  for  each  one  hundred  acres  of    the   town  area. 

Both  of  these  estimates  are  practically  somewhat  too  low,  because  a  small  amount  of  water  cannot 
be  lifted,  relatively,  so  cheaply  as  a  large  amount.  I  give  these  figures  only  to  show  that,  with  a  com- 
munity of  any  considerable  size,  it  is  really  a  matter  of  minor  consequence  whether  the  natural  outfall 
is  high  or  low. 

The  experience  of  Holland,  in  the  practice  of  drainage,  indicates  a  complete  relief  for  the  natural 
disadvantages  even  of  the  city  of  New  Orleans,  of  which  the  cost  would  be  quite  insignificant  as  com- 
pared with  its  benefits. 

Many  of  our  riparian  towns,  dependent  upon  high-lying  water  as  the  outlet  for  their  drainage,  or, 
like  Chicago  and  Milwaukee,  delivering  their  foul  drainage  into  streams  whose  contamination  means  the 
contamination  of  the  town  itself,  may  find  their  only  practical  relief  by  means  of  an  artificial  outlet. 
The  city  of  Boston  is  nov/  establishing  a  conspicuous  example  of  the  application  of  mechanical  power 
to  deep  drainage  and  distant  removal— even  applying  this  means  for  the  discharge  of  the  rainfall  of 
an  enormous  area. 

I  trust  that,  as  I  am  neither  a  Southerner  nor  a  physician,  I  may  be  excused  for  attaching  more 
importance  than  many  of  you  probably  do  to  the  proper  drainage  and  cleansing  of  a  city,  and  to  the 
proper  disposal  of  its  outflow — and  more  than  to  any  system  of  quarantine.  My  knowledge  of  the 
history  of  the  yellow-fever  epidemics  in  this  valley  is  infinitely  less  than  yours;  but  I  feel  warranted, 
and  I  take  my  warrant  from  the  history  of  the  plagues  which  devastated  the  filthy  mediaeval  cities 
of  Europe,  and  from  my  own  knowledge  of  the  want  of  cleanliness  and  want  of  drainage  in  the  city 
of  Memphis,  in  venturing  the  suggestion  that  even  that  fever-smitten  town  may  be  made  an  impos- 
sible field  for  the  invasion   of  yellow  fever  in  an  epidemic  form. 

While  yellow  fever  is  for  the  moment  uppermost  in  all  our  minds,  and  while  its  sudden  and  more 
fatal  outbreaks  strike  the  public  imagination  with  peculiar  force,  we  should,  as  sanitarians,  never  lose 
sight  of  the  fact  that  it  is  one  of  our  minor  diseases  ;  that,  indeed,  even  along  the  banks  of  the 
Mississippi  River,  far  greater  mortality  and  infinitely  greater  disability  result  from  the  constant  opera- 
tion of  diseases  which  should  equally  claim  our  attention,  and  which  are  equally  preventable  by  meas- 
ures of  sanitary  improvement. 

The  reading  of  the  foregoing  rather  radical  suggestions  was  not  followed,  as  had  been  expected,  by 
criticism.  On  the  contrary,  it  led  to  an  invitation  from  the  Memphis  commissioners  present  at  the 
meeting  to  embody  the  ideas  set  forth  in  a  plan  for  the  sewerage  of  their  city.  I  was  subsequently 
engaged  by  the  Memphis  com.mittee  of  the  National  Board  of  Health  to  serve  as  consulting  engineer 
during  its  visit  to  that  city.  In  considering  the  sanitary  improvements  necessary  to  be  adopted,  in 
view  of  the  recent  epidemic  of  yellow  fever,  more  attention  was  given  to  sewerage  than  to  anything 
else.  The  ultimate  result  of  much  discussion  was  the  construction  of  a  system  for  the  sewerage  of  the 
city  substantially  in  accordance  with  the  Nashville  paper.  The  construction  and  operation  of  this 
work  will  be  described  in  a  future  chapter. 

I  have  thought  it  not  improper  to  give  my  own  name  to  this  system,  and  as  "  Waring's  System  of 
Sewerage"  it  has  made  its  way  rapidly  and  most  successfully    in  many  parts  of  the  country. 

The  difference  between  this  and  the  separate  system  of  England  is  radical.  The  English  system 
is  not  a  completely  "  separate  "  system  :  that  is  to  say,  it  does  not  exclude  all,  nor  nearly  all,  of  the 
storm-water;  it  admits  waters  falling  on  parts  or  the  whole  of  roofs  of  houses,  and  more  or  less  from 
yard  and  court  areas  surrounding  them.  What  it  separates  or  excludes  is  the  water  running  over  the 
surface  generally,  and  especially  over  the  streets.  It  depends  for  flushing  on  manual  appliances,  and 
on   the  flow  of  water  from  roofs,  etc.,  during  rains. 

While  the  use  of  automatic  flush-tanks  in  connection  with  sewerage  is  not  new,  it  had  never  con- 
stituted an  essential  part  of  a  sewerage  system.  So  far  as  I  can  learn,  prior  to  1880  automatic  flush- 
tanks  had  been   used   only  in  rare  and  exceptional  cases  for   single  lines,  being  employed  generally  to 
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flush  long,  low-grade  sewers  by  the  use  of  extraneous  water,  or  of  sewage  flowing  from  a  higher  area. 
Never  before  had  pipes  of  so  small  diameter  as  six  inches  been  used,  save  for  very  short  lengths.  The' 
admission  of  roof-water  required  an  early  resort  to  larger  and  larger  sizes.  In  Memphis,  over  80  per 
cent,  of  the  whole  system  consists  of  six-inch  pipes,  and  this  proportion  is  not  greatly  changed  in 
other  towns  sewered  by  this  system. 

Until  the  Memphis  work  was  done  there  was,  so  far  a.=  T  know,  no  example  of  the  separate  system 
in  America.*  During  the  seven  years  following  its  first  construction  it  has  been  introduced  into  more 
than  thirty  towns  and  for  an  aggregate  length  of  more  than  two  hundred  miles  ;  and  in  all  cases,  so 
far  as  I  am  informed,  with  the  happiest  results.  Its  use  is  rapidly  extending  in  all  parts  of  the 
country. 

*  In  Lennx  a  liftle  roof-water  was  adm!*ff  "-i. 


CHAPTER   IV. 

THE  DEPTH  OF  SEWERS. 

^^L^HE  sewers  of  any  system,  whether  combined,  separate,  or  double,  should  be  located  at  a  suthcient 
^^^  depth  below  the  surface  of  iiie  street  to  serve  tor  the  under-drainage  of  the  ground,  even  to 
the  rear  of  lots,  to  protect  cellars  against  the  invasion  of  subsoil-water.  This  will  insure  a  sufficient 
depth   for  the  connection  of  all  fixtures  thi'ough  which  foul  water  is  delivered. 

As  the  sewer  may  at  times  run  quite  full,  its  crown  should  be  well  below  the  level  of  the  connec- 
tion of  the  lowest  fixture,   at  the  house  end. 

As  no  cellar-drain  should  be  connected  directly  with  the  sewer,  it  is  not  generally  imperative  that 
the  crown  of  the  sewer,  if  it  is  to  receive  surface-water,  should  be  below  the  level  of  the  cellar,  for 
the  reason  that  its  full  flow  will  last  only  for  a  short  time,  not  long  enough  to  allow  the  ground-water 
to  back  up  to  the  height  of  the  cellar-floor. 

The  depth  required  for  the  removal  of  foul  drainage,  where  this  is  the  only  object — that  is,  where 
the  ground  is  naturally  and  permanently  dry  to  the  depth  of  the  cellar — may  be  very  much  modified 
if  the  wiser  plan  is  adopted,  and  water-closets,  urinals,  wash-trays,  and  sinks  are  excluded  from  deep 
cellars,  in  contradistinction  to  basements.  The  floor  of  the  basement  of  a  dwelling-house,  except  on 
steep  slopes,  is  rarely  more  than  five  feet  below  the  surface  of  the  street,  seldom  so  much,  and  there  is 
no  objection  to  the  use  of  fi.xtures  of  any  kind  under  these  circumstances,  where  the  space  is  suffi- 
ciently out  of  the  ground  to  afford  ventilation   and   light. 

The  placing  of  fixtures  of  any  kind  in  a  deeper  cellar,  where  light  and  ventilation  are  deficient, 
is  objectionable,  and  in  my  judgment  should  be  prohibited  by  sanitary  regulations,  just  as  the  occupancy 
of  cellars  as  domiciles  is  prohibited  in  well-regulated   cities. 

While  the  foregoing  relates  especially  to  the  residence  parts  of  the  town,  it  is  hardly  less  impor- 
tant to  prevent  the  introduction  of  plumbing-fi.xtures  of  any  kind  in  the  deep  cellars  of  stores,  ware- 
houses, etc.  Even  in  the  case  of  subterranean  saloons,  billiard-rooms,  etc.,  closets  and  urinals  should 
be  placed  at  as  high  a  level  as  practicable,  unless  there  is  a  need  for  deep  drainage  to  keep  the  cellar 
dry;  in  this  case  there  is  less  objection  to  placing  the  fixtures  at  the  level  of  the  floor. 

In  business  buildings  and  others  where  deep  cellars  are  required  for  storage  or  other  use,  it  is 
absolutely  essential  that  the  level  of  the  ground-water  should  be  reduced  below  the  level  of  the 
cellar,  if  it  has  a  tendency  to  rise  so  as  to  run  into  it  during  or  after  storms.  In  this  connection, 
attention  should  be  called  to  the  fact  that  frequently  the  water  found  in  a  cellar  after  a  storm  is  sur- 
face-water that  has  found  its  way  in  from  the  surface  of  the  ground  ;  that  has  followed  down  the  side 
of  the  house  and  continued  along  the  looser  filling  near  to  the  foundation;  or  that  has  descended 
through  the  superficial  stratum  of   porous  earth  and  been  turned  toward  the  cellar  by  the  impervious  subsoil. 

It  is  practicable  to  exclude  all  of  this  water  by  the  proper  direction  of  the  surface-flow  or  of  the 
flow  through  the  soil.  What  is  properly  regarded  as  subsoil-water,  and  what  can  be  removed  only  by 
drainage  secured  in  connection  with  the  sewer,  is  the  general  elevation  of  the  water-table  in  the  ground 
as  the  whole  area  becomes  saturated  by  rains.  In  the  case  of  brick  sewers  as  ordinarily  built,  and 
indeed   under  nearly  all  conditions,   the  ground-water  finds  its  way  through  the  wall  of   the  sewer,  and 
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flows  away  in  it.     Where  pipe-sewers  are  used,  with  tight    joints,   draining-tiles    should    be    laid  wherever 
ground  is  passed  that  is  at  any  time  wet,  and  the  water  should  in  this  manner  be  conveyed  away. 

For  the  subsoil  drainage  of  cellars  it  is  not  necessary  to  carry  a  pipe  from  the  cellar  to  the  sewer  ; 
such  a  pipe  is  needed,  except  in  very  rare  cases,  only  to  remove  water  that  has  run  into  the  cellar 
from  the  surface,  as  above  described,  and  it  is  better  to  keep  this  water  out  than  to  allow  it  first  to 
come  in  and  then   to   carry  it  by  a  special  drain  to  the  sewer. 

In  establishing  the  depth  to  be  given  to  the  different  parts  of  the  sewerage  system,  two  considera- 
tions are  important  : 

The  first  is  that  for  the  removal  of  the  wastes  from  the  fixtures  located  in  rooms  of  which  the 
floors  are  not  more  than  five  feet  below  the  surface  of  the  street,  and  which  are  not  more  than  one 
hundred  feet  distant  from  the  sewer,  seven  feet  gives  ample  depth  and  fall  for  their  accommodation. 
One   foot  higher  elevation   will  give  them  a  sufficient   outlet   if  the   sewer  is  six   feet   deep. 

In  a  vast  majority  of  cases,  in  residence  quarters,  the  fixtures  are  not  so  much  as  four  feet  below 
the  surface  of  the  street.  It  is,  therefore,  ordinarily  safe  to  assume  that  six  or  seven  feet,  according 
to  circumstances,  is  a  sufificient  depth  for  sewers  intended  to  drain  private  houses  only.  Indeed,  less 
than  this  is  sometimes  necessary,  and  is  often  sufificient. 

The  second  is  that  for  the  efficient  subsoil  drainage  of  districts  where  cellars  are  deep,  and  for 
the  removal  of  foul  drainage  from  fixtures  necessarily  placed  in  cellars,  much  greater  depths  are  often 
required.     Under  these  circumstances,  ten   feet  is  often,  and   even  thirteen  feet  occasionally,  required. 

In  regulating  his  scale  of  depths,  the  engineer  should  first  determine  in  what  parts  of  the  town 
the  removal  of  subsoil-water  is  essential.  Where  the  area  is  underlaid  by  a  deep,  porous  soil  this  need 
not  be  regarded  at  all.  Where  there  is  a  solid  mass  of  impervious  material,  it  becomes  very  essential. 
He  should  inform  himself  also   as  to  the  existence  or  probability  of  a  future  use  of  cellar  fixtures. 

He  should  establish  the  maximum  depth  of  such  fixtures,  and  of  cellars  to  be  drained,  in  business 
parts  of  the  town  on  the  one  hand,  and  in   residence  portions  on  the  other. 

The  necessary  data  having  been  secured,  much  and  careful  consideration  must  be  given  as  to  the 
probabilities  as  to  future  conditions.  The  growth  of  business  means,  ordinarily,  the  conversion  of 
residence  areas  into  commercial  areas  and  the  substitution  of  deep  cellars  for  shallow  ones.  It  would 
be  extravagant  and  unjustifiable  to  place  the  sewers  of  the  whole  town  at  the  depth  of  thirteen  feet, 
because  that  depth  is,  at  some  future  time,  to  be  required  in  business  districts.  It  would  be  equally  un- 
justifiable to  maintain  a  depth  of  six  feet  over  the  whole  area  now  occupied  for  residence,  with  a 
probability  that,  within  a  reasonable  time,  stores  and  warehouses  with  deeper  cellars  will  be  required 
in  portions  of  this  area.  There  must  in  every  case  be  a  compromise  between  the  economy  of  regu- 
lating the  depths  according  to  present  and  immediate  requirements,  and  the  extra  cost  of  deepening  the 
work  wherever  it  is  at  all  probable  that  business  may  extend  within  twenty  years.  The  compromise 
must  allow  for  the  uncertainty  of  prediction  as  to  future  use,  but  it  should  also  regard  the  present 
capacity  for  payment,  and  the  fact  that  extra  cost  now  saved,  with  the  interest  thereon  for  a  long 
period,  will  nearly  if  not  quite  sufifice  for  the  future  deepening  of  the  work. 

Having  a  due  regard  for  his  reputation,  the  engineer  will  naturally  give  himself  the  benefit  of  the 
doubt,  but  an  equal  regard  to  the  interest  of  his  client  will  require  him  to  run  some  risk  of  criticism 
at  a  future  time  for  present  shortsightedness. 

The  introduction  of  a  general  system  of  sewerag--  i/.  any  small  tr  wn  involves  a  serious  tax  on  the 
paying  class  of  the  community — a  tax  that  they  are  by  no  means  unanimous  in  regarding  as  necessary. 
0-°  main  purpose  is  to  secure  public  fa\or,  and  the  chances  of  securing  it  increase  as  the  i:)robable 
•dst  is  reduced.  As  the  use  of  the  system  becomes  general,  and  as  the  public  come  to  realize  its  im- 
portance, their  willingness  to  extend  or  to  improve  it  will  grow  quite  as  fast  as  will  the  commercial 
exigencies  requiring  deeper  work  in  certain  streets  as  business  takes  the  place  of  residence. 
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The  foregoing  relates  to  the  drainage  of  the  ground  and  to  the  removal  of  foul  wastes  in  cases 
where  surface-water  is  to  be  excluded  from  the  sewers — that  is,  where  the  separate  system  is  used. 
It  will  still  be  necessary,  in  many  cases,  to  make  some  provision  for  the  underground  removal  of  storm- 
water,  not  from  the  whole  town  nor  from  a  very  large  portion  of  it,  but  from  those  points  at  which 
it  accumulates  at  times  to  a  sufficient  extent  to  impede  traffic  or  to  endanger  public  or  private 
property. 

Deep  storm-water  sewers  are  not  necessary  save  where  required  to  reach  points  of  outlet.  A  pipe 
sewer  or  a  brick  sewer  having  its  crown  covered  with  two  feet  of  earth,  if  properly  laid  and  properly 
made,  is  perfectly  safe  for  use  under  streets  of  heavy  traffic,  in  crossing  railroads,  etc.  This  would 
make  the  total  depth  of  the  sewer  two  feet  more  than  its  diameter.  It  would  place  a  three-foot 
sewer  five  feet  under  ground,  where  its  construction  would  be  much  more  rapid  and  more  economical 
than  at  a  depth  of  ten  feet  or  more. 

It  frequently  happens  that  the  outflow,  especially  during  high  stages  of  adjoining  water,  and  during 
storms,  floods,  and  storm-tides,  can  be  more  easily  made  satisfactory  with  a  shallow  than  with  a  greater 
depth. 


CHAPTER  V. 

CLEANSING-VELOCITY— FLUSHING  AND  CAPACITY. 

IT  is  first  of  all  important  to  maintain,  at  least  for  a  short  time  each  day,  through  every  portion  of 
the  sewerage  system,  a  living  stream  of  sufficient  depth  and  velocity  to  remove  objects  which  sewers 
are  constructed  to  receive,  and  which  would  be  stranded  if  introduced  with  too  small  a  volume  of 
water  to  keep   them   moving  ;    or  deposited   if  the   stream   is  too  sluggish. 

Objects  so  stranded,  whatever  their  character,  are  liable  to  become  sources  of  local  accumulation, 
not  necessarily  nor  generally  to  the  extent  of  constituting  a  positive  obstruction  of  the  sewer,  but  suffi- 
cient to  establish  a  seat  of  decomposition,  ard  to  give  rise  to  the  foetid  cess-pool  odor  ("sewer-gas"), 
which   should  be  considered  inadmissible. 

Most  of  the  authorities  writing  on  the  velocity  required  to  maintain  sewers  in  a  cleanly  condition 
recommend    the    attainment   of    a  speed  of  2i  feet   per  second,    or    150    feet  per  minute. 

T^ubuat's  table   indicates  that   the  following  substances  will  be  removed  at  the  velocities  indicated. 

Ft.  In. 

River  mud,  semi-fluid o  3     per  sec. 

Brown  pottery  clay o  3^      "       " 

Gravel,    size   small    seeds O  4J      "       " 

Common    clay o  6        "       " 

Gravel,  size  of   peas o  7i     "       " 

Yellow    sand,  loamy O  8^      "       " 

Common   river   sand I  o        "       " 

Gravel,  size  of   beans i  o^     "       " 

Coarse   ballast 2  O        "       " 

Sea-shingle,  about   i   inch  in  diameter 2  2        "       " 

Broken   stones 4  o        "       " 

We  may  fairly  assume  that  nothing  that  can  properly  be  delivered  into  sewers  from  houses  will 
be  more  difficult  to  remove  than  gravel  of  the  size  of  beans.  It  would  seem,  therefore,  to  be 
safe,  in  constructing  sewers  on  the  separate  system,  to  adopt  a  iiiiiiiiiiiiin  velocity  of  i  foot  6  inches 
per  second,  or  90  feet  per  minute.  This,  however,  is  very  low,  and,  unless  the  stream  has  a  rather  full 
volume,  adhesion   to  the  walls  of  the  channel   is   to  be  feared. 

With  combined  sewers,  receiving  detritus  from  roads  containing  a  considerable  amount  of  coarse 
and  heavy  material,  a  minimum  of  2  feet  and  6  inches  is  necessary  in  practice,  with  a  view  to  main- 
taining a  clean  channel  with  the  dry  weather  flow.  So  far  as  the  removal  of  accumulations  of  which 
leaves  and  sand  are  an  element  is  concerned,  no  practical  velocity  will  be  effective  ;  the  thatching  of  the 
deposits  by  the  overlapping  of  the  leaves  protects  them  against   any  available  flow. 

Lr  suggesting  i  foot  and  6  inches  as  an  admissible  minimum  velocity  for  sewers  constructed  on 
the  separate  system,  reference  is  made  only  to  the  case  of  ver)-  level  areas,  where  a  steeper  grade  can- 
not be  attained  without  undue  cost.  Wherever  practicable  a  velocity  of  at  least  2  feet  per  second  should 
be  sought,  and  this  may  be  secured  with   a  sufficient  \olume-of  flow  on  grades  substantially  as  follows: 
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6-inch  sewers,  fall  per  hundred  feet,  i  to  300 

8  "  "  "  "  "  "  I  to  400 

10  "  "  "  "  "  "  I  to   500 

12  "  "  "  "  "  "  I  to  600 

15  "  "  "  "  "  "  I  to  750 

18  "  "  "  "  "  "  I  to  900 

20  "  "  "  •'  "  "  I  to    1,000 

24  "  "  "  "  "  "  I  to    1,200 

These  minimum  grades  should  be   exceeded   wherever  possible. 

There  is  a  limit  in  the  other  direction  which  has  not  yet  been  determined.  It  is  well  recognized 
among  sewerage  engineers  that  the  fall  of  a  sewer  may  be  too  steep  ;  that  is,  that  it  may  cause  the 
flow  to  be  drawn  out  to  a  thread  of  a  stream  so  small  as  to  lack  depth  and  force,  in  spite  of  its 
velocity,    to   carry  solid   matters   along. 

This    field    is    the  most    promising    one   now    open    for    scientific    investigation    on    the    flow    through 

sewers. 

One  point  may  properly  be  recalled  here — that  is,  that  while  a  large  sewer  laid  at  the  same  grade 
as  a  smaller  one  will  flow  with  the  same  velocity  when  filled  to  a  certain  proportion  of  its  diameter, 
its  being  so  filled  is  an   essential  condition    to  the  securing  of  the  result. 

One  other  consideration  is  important :  While  a  stream  of  water  of  a  given  velocity  will  remove 
from  or  carry  through  a  sewer  most  extraneous  substances  capable  of  being  removed  by  a  stream  of 
that  depth  and  velocity,  we  cannot  depend  on  a  stream  loaded  with  silt,  like  a  muddy  water-supply 
or  the  water  of  a  turbid  river,  to  carry  forward  all  of  its  burden.  If  the  attempt  is  made  to  maintain 
a  flushing  stream  through  a  main  sewer  of  low  grade  by  introducing  into  its  upper  end  a  current  from 
a  turbid  river,  although  the  theoretical  velocity  of  the  flow  may  be  sufficient  to  carry  all  of  the  silt,  the 
practical  effect  will  sometimes  be  that  the  sewer  will  become  silted  up.  This  is  probably  due  to  the 
fact  that  at  the  part  of  the  stream  which  touches  the  wall  of  the  sewer,  that  is,  where  "skin  friction" 
exerts  its  influence,  the  theoretical  velocity  is  not  maintained,  and  the  film  of  water  so  influenced 
deposits  a  portion  of  its  burden.  Such  deposit,  involving  other  matters  than  mere  silt,  whether  leaves 
from  the  river  or  fibrous  matters  from  house-drains,  in  time  comes  to  exert  a  greater  retarding  effect 
than   does   the   surface  of   a  clean   pipe,   and   the  difficulty   increases. 

There  is  no  rule  for  determining  the  extent  to  which  this  influence  may  be  exerted,  but  practical 
observation  shows  that  it  is  unwise,  unless  under  much  greater  velocity  than  two  feet  per  .second,  to 
depend  on  turbid  flushing  streams,  or  to  trust  to  the  theoretical  velocity  to  carry  forward  all  of  the 
silt  of  a  muddy  water-supply. 

Where  such  waters  are  a  necessary  reliance  for  the  flushing  of  main  sewers,  the  flushing  should 
be  suspended  during  unusually  turbid  conditions  of  the  stream,  and  it  had  better  at  times  be  supple- 
mented by  an  intermittent  flushing  of  greater  force,  by  closing  the  flushing-gate  and  opening  it  to 
its  full  width  with  an  accumulated  head,  so  as  to  produce  as  strong  a  disturbing  flow  as  possible. 

In  seaside  localities,  it  is  often  possible  to  secure  an  intermittent  tidal  flushing  by  ponding  the 
flood-tide  and  discharging  it  near  the  end  of  the  ebb. 


FLU.SH-TANKS. 

The  automatic  flushing  of  sewers  is  treated  very  fully  in  another  part  of  this  work.  The  use  of 
automatic  flush-tanks  for  this  purpose  has  now  become  general  with  small  pipe-sewers,  whether  laid 
under  the  strictly  separate  system   or  not. 
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In  a  recent  discussion  of  pipe-scweraye  before  the  Boston  Society  of  Civil  Engineers,  Mr.  A.  R. 
Sweet,  City  Engineer  of  Pawtucl<et,  R.  I.,  made  some  pertinent  remarks,  which  are  quoted  below. 

Pawtucket  is  sewered  on  a  sort  of  semi-combined  system,  street-water  being  kept  out  of  the  ex- 
tended laterals,  but  roof-water  being  taken  in  generally.  The  work  was  done  in  the  best  and  most 
expensive  manner.     Mr.  Sweet  said : 

"  I  consider  the  flush-tank  the  life  of  a  small-pipe  system  of  sewers,  for  without  it  the  system  will 
be  expensive,  troublesome,  and  unless  the  greatest  diligence  is  exercised  it  will  surely  fail.  I  had  a 
good  opportunity  to  test  the  value  of  flush-tanks.  In  the  year  1884  we  had  laid  about  three  and  one- 
half  miles  of  small  pipe-sewers,  about  two  fifths  being  eight  inches  in  diameter.  These  sewers  were  in 
use  without  flush-'anks  from  April  and  May,  1884,  to  June,  1885.  In  this  short  space  of  time  (a  little 
more  than  one  year)  they  had  become  foul  and  ill-smelling.  There  was  considerable  of  a  deposit  upon 
the  bottom  of  the  sewers,  a  thick  vegetable  growth  upon  the  sides,  and  at  man-holes  the  inverts  were 
one-half  full  of  sand  ;  in  fact,  the  sewers  were  fast  filling  up.  Flush-tanks  (thirteen  in  number)  were 
put  in  operation  in  June,  1885.  They,  without  any  assistance,  cleaned  the  sewers  of  sand  and  all  de- 
posits, and  have  kept   them  in  good  condition. 

"In  the  year  1886  it  cost  the  city  of  Pawtucket  more  to  wash  out  two  sewers  without  flush-tanks 
(one  built  in  1876  and  one  in  1879),  '^'i'-"  combined  length  of  which  was  about  two  thousand  feet,  than 
any  two  miles  of  sewers  in  the  city,  and  it  is  fair  to  say  that  they  were  clean  but  a  few  days  at  a 
time,  while  if  there  had  been  flush-tanks  they  would  have  been  clean  all  the.  time. 

"  There  are  in  use  in  the  city  of  Pawtucket  twenty-three  Rogers  Field  flush-tanks  as  improved 
in  the  year  1885  and  patented  in  1886.  The  water  for  these  tanks  is  taken  from  the  city  water-mains 
and  costs  the  Sewer  Department  $10  per  year  per  tank.  These  tanks  operate  once  in  about  fourteen 
hours.  They  have  been  in  operation,  some  of  them,  nearly  three  years.  We  have  not  found  one  in- 
operative, neither  has  there  been  one  cent  laid  out  on  them  for  repairs." 


THE   CAPACITY   OF   SEWERS. 

The  capacity  of  sewers  to  carry  water,  like  their  capacity  to  keep  clean  under  the  effect  of  a 
given  flow,  is  dependent  on  the  rate  of  inclination,  the  smoothness  and  uniformity  of  surface,  and 
the  radius — or,  in  this  case,  the  cross-section.  In  much  of  the  work  that  is  done,  the  influence  of 
inclination  is  less  considered  than  a  due  regard  to  economy  would  suggest.  It  may  at  first  sight  seem 
absurd  to  continue  a  main  sewer  for  a  certain-  distance  with  a  diameter  of  si.x  feet,  and  then  to  reduce 
it  to  a  diameter  of  four  feet  ;  but  if  the  six-foot  sewer  has  an  inclination  of  i  to  2,500,  and  the  four- 
foot  sewer  an   inclination   of   i    to  900,  their  capacity  will  be  substantially  the  same. 

This  relates  to  a  change  from  a  flat  grade  to  a  steep  grade  ;  in  changing  from  a  steep  grade  to  a 
flat  grade,  a  margin  must  be  provided  for  the  checking  of  velocity  and  a  consequent  disturbance  of 
flow.  A  four  foot  sewer  with  an  inclination  of  i  to  900  should  not  discharge  directly  into  a  six-foot 
sewer  with  an  inclination  of  i  to  2,500.  The  change  of  grade  should  be  gradual  to  enable  the  current 
to  adjust  itself  to  the  new  conditions. 

The  rate  of  inclination  of  the  sewer  is  not  necessarily  at  the  rate  of  inclination  of  its  invert,  but 
at  the  rate  of  the  inclination  from  the  surface  of  its  water  at  a  given  point  to  the  surface  of  the 
water  at  the  outlet.  Where  no  difficulty  is  to  be  apprehended  from  setting  water  back  into  house- 
drains  or  lateral  sewers — that  is,  where  the  only  thing  to  be  guarded  against  is  the  overflow  at  the 
tops  of  man-holes — the  water  may  be  allowed  to  rise  nearly  to  these  overflow  points,  and  the  capacity 
for  discharge  will  be  increased  according  to  the  hj'draulic  head  thus  gained.  This  principle  was 
adopted  in  my  recommendation   for  the  flood-water  sewer  of   Da\-ton,  Ohio,  described   elsewhere. 
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The  capacity  of  storm-water  sewers  must  be,  of  course,  regulated  according  to  the  amount  of  rainfall 
they  are  intended  to  accommodate,  due  regard  being  had  to  the  capacity  of  the  surface  and  under- 
ground channels  by  which  rain-water  is  led  to  them. 

It  is  usual  to  regulate  the  size  of  separate  sewers  according  to  the  amount  of  foul  flow  produced 
by  houses,  manufacturing  establishments,  etc.,  and  to  consider  that  one-half  of  this  flow  will  be  dis- 
charged in  eight  hours,  and  that  the  sewer  should,  at  no  time,  run  more  than  half-full.  Then,  in 
exceptional  cases,  there  will  be  an  ample  margin  left  in  the  upper  half  of  the  sewer  for  the  removal 
of  any  excess,  such  excess  being  at  any  time  of  only  short  duration. 

The  use  of  eight-inch  pipes  instead  of  six-inch  for  the  lateral  sewers  of  the  separate  system  is 
being  discussed.  At  present  rates,  the  difference  in  cost  is  about  $400  per  mile,  which  may  or  may 
not  be  serious,  according  to  circumstances.  The  velocity  and  capacity  of  flow  are  not  so  difTerent  as 
to  put  it  beyond  the  capacity  of  the  ordinary  flush-tank  or  the  normal  flow  of  sewage  to  keep  one 
substantially  as  clean  as  the  other.  In  Memphis,  additions  now  being  made  to  the  work  are  made 
with  eight-inch  pipe ;  but  in  Memphis,  for  some  unknown  reason,  obstructions  of  lateral  sewers  have 
been  inordinately  frequent.  It  is  not  by  any  means  clear  that  their  frequency  would  be  much  less 
with  the  larger  size,  because  the  cleansing  effect  of  the  flushing  will  be  slightly  less  and  accumulations 
that  would  stop  a  six-inch  pipe  will,  in  a  little  more  time,  stop  the  larger  one.  Such  obstructions  as 
are  due  to  the  lodging  of  sticks  and  bones  cross-wise  in  the  sewer  would  be  much  less  likely  to 
occur  with  the  larger  pipe.  Practically,  in  other  places  than  Memphis,  this  cause  of  obstruction  hardly 
exists.  The  only  case  where  I  have  known  six-inch  pipes  to  prove  inadequate  for  their  work  is 
where  hydraulic  elevators  have  overtaxed  them  with  a  discharge  that  was  not  at  all  contemplated  in 
the  first  construction. 

My  opinion  is,  that  it  is  practically  safe  to  use  six-inch  pipes,  where  the  house  plumbing  and 
drainage  works  are  properly  controlled,  up  to  the  limit  where  the  sewage  would  fill  them  more  than 
half-full.  Less  than  the  extra  $400,  expended  in  extra  inspection  and  cleansing  pipes,  on  the  six- 
inch  sewers,  would  make  them  better  than  eight-inch  pipes  without  this  extra  provision. 

Another  consideration  is  important.  It  is  better  on  sanitary  grounds,  if  deposits  are  to  form,  that 
they  should  constitute  an  actual  obstruction  of  the  sewer,  and  so  compel  their  removal.  Deposits 
which  form  only  to  such  a  degree  as  will  allow  sewage  to  flow  off  are  in  every  way  objectionable. 
Such  deposits  are  somewhat  more  likely  to  occur  in  eight-inch  laterals  than  in  six-inch.  It  is  always 
to  be  remembered  that  in  a  closely  built  street  with  occupied  twenty-five  foot  dwelling-houses  on  both 
sides  of  the  way,  and  with  cross-streets  80  feet  wide  every  400  feet,  a  six-inch  sewer  having  a  fall  of  i 
to  200  will  not  run  half-full  until  it  has  reached  a  length  of  3,600  feet,  the  sewage  being  equal  to 
60  gallons  per  day  per  head  of  population,  one-half  of  which  is  discharged  in  8  hours.  This  is  a  much 
greater  length  than  is  used  in  practice,  so  that,  with  proper  care  and  proper  cleansing  facilities,  six- 
inch  sewers  would  seem  to  be,  as  they  have  in  practice  proved  themselves  to  be,  entirely  sufficient 
for  a  considerable  length  of  lateral  sewer. 

The  real  economy  of  any  general  net-work  of  sewers  is  more  affected  by  a  proper  limitation  of 
the  sizes  of  lateral  and  submain  sewers,  which  constitute  often  90  per  cent,  of  the  total  length,  than 
by  such  a  restriction  of  the  larger  mains  constituting  the  other  tenth.  Therefore,  where  there  is  a 
doubt  as  to  the  ultimate  capacity  of  mains,  the  decision  should  be  in  favor  of  a  slight  increase  beyond 
the  theoretical  size. 

Question  has  recently  been  raised  as  to  the  propriety  of  substituting  eight-inch  sewers  for  six-inch 
sewers  in  all  cases,  and  as  to  the  efficiency  of  grades  adjusted  to  a  theoretical  velocity  of  two  feet 
per  second.  Referring  to  what  is  said  in  previous  pages  on  these  subjects,  and  again  calling  atten- 
tion to  the  fact  that  the  difference  of  cost  between  the  two  sizes  at  the  present  prices  of  pipes  is 
about   $400   per    mile,    and    that  it  may   be  better  to    use  a  portion  of   this  sum  in  securing  the  better 
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laying  of  the  pipes  and  the  construction  of  more  frequent  facilities  for  cleansing,  it  will  be  proper  to 
leave  the  subject  to  the  discretion  of  tlie  engineer,  calling  attention  to  the  following  statements  made 
in  a  discussion  of  the  subject  before  the  Boston  Society  of  Civil  Engineers  and  contained  in  letters, 
from  which  extracts  are  appended. 

In  the  Boston  discussion,   Mr.    F.   P.   Stearns  said  : 

"  The  separate  system  of  sewerage  was  first  applied  in  this  country  on  a  large  scale  but  eight 
years  ago  in  Memphis.  Since  the  introduction  of  the  system  there,  the  number  of  systems  built  per 
year  has  increased,  until  there  are  now  in  the  United  States  a  total  of  as  many  as  36,  and  they  are 
being  built  more  rapidly  than  ever. 

"  With  regard  to  the  operation  of  the  six-inch  sewers,  seven  answers  were  received,  in  two  of 
which  it  was  stated  without  qualification  that  these  sewers  operated  successfully,  while  the  other 
answers  qualified  this  statement.  The  opinions  on  this  point  can  be  better  understood  by  quoting 
from  tiie  answers : 

"  Cedar  Rapids,  la. — '  We  use  six-inch  laterals  on  runs  not  exceeding  Soo  feet  and  grade  of  not 
less  than  two  per  cent.' 

"  Chelsea,  Mass. — '  Six-inch  laterals  operate  successfully.  We  have  as  yet  had  no  trouble  of  any 
kind.     Minimum  grade,  0.25   per  cent.' 

"  Kalamazoo,  Mich. — '  They  operate  satisfactorily  for  residential  portions  under  favorable  condi- 
tions.    Minimuiii  grade,  0.48  per  cent.' 

"  Keene,  N.  H. — '  We  have  liad  no  obstructions  on  our  high  grades  except  from  roots,  .  .  .  but 
on  our  low  grades  we  have  an  occasional  stoppage,  which  can  usually  be  removed  by  a  stream  from 
our  hydrants.' 

"  Nahant,  Mass. — '  Six-inch  laterals  work  well  on  grades  varying  from  0.5  to  2.0  per  cent.'  Each 
house  is  provided  with  a  large  grease-trap,  through  which  the  waste  from  the  kitchen-sink  passes  on 
its  way  to  the  sewer. 

"  Norfolk,  Va. — '  All  laterals  begin  with  six-inch  pipe.  On  anything  under  0.75  per  cent,  grade  a 
flush  tank  is  used  at  end  of  lateral.'  The  general  statement  was  made  on  the  return  that  these  sewers 
operated  in  a  satisfactory  manner;  but  that  it  is  not  entirely  satisfactory  may  be  judged  by  the  follow- 
ing quotation  from  a  letter  received  from  Mr.  W.  T.  Brooke,  City  Engineer,  who  suggests  '  that  nothing 
less  than  an  eight-inch  jiipe  be  used  on  laterals;  for  although  theoretically  the  six-inch  maybe  all-suffi- 
cient, yet,  from  experience  with  the  difficulties  attending  the  misuse  of  house-connections  with  the 
sewers,   I  am  forced  to  regard  eight-inch  pipes  as  practically  the  best.'  " 

"  VVilkes-Barre,  Pa. — '  Grade  0.5  per  cent.,  operating  successfully  ;  distance  from  flush-tank  to  main 
sewer,  500  feet.  Would  not  advise  the  use  of  six-inch  laterals  for  greater  distances  or  less  grade  than 
the  above.  ...   I   have  discontinued  the  use  of  six-inch  laterals  and  use  eight-inch  instead.'" 

Mr.  William   E.  McClintock  (Chelsea,  Mass.)  said: 

"  I  have  no  figures  to  show  the  cost  of  repairs  of  the  combined  sewers,  except  for  a  few  years 
back,  as  no  detailed  account  was  kept  previous  to  1880.  Since  1880  there  has  been  expended  for 
repairs  and  cleaning  the  sum  of  $2,500  on  all  the  sewers  exclusive  of  the  section  under  consideration. 
On  this  section  there  have  been  expended  $500;  $400  of  this  amount  have  been  used  for  cleaning  out 
the  settling-tank,  leaving  $100  for  the  regular  repairs  and  cleaning. 

"  I  place  no  particular  value  on  these  figures,  as  with  the  small  pipes  we  keep  the  outlet  clean, 
while  in  the  combined  sewers  we  allow  the  whole  matter  to  flow  where  it  will.  In  the  one  matter  of 
cleaning  there  is  no  d  )ubt  in  my  mind  that  the  small  pipes  can  be  kept  clean  by  flushing  at  intervals 
that  must  be  determined  by  the  particular  conditions  presented.  We  have  had  but  two  stoppages  in 
four    and    a   half   years.     These  were   removed    at   an   expense   of    about   $5.     One  of    the    stoppages  was 
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caused  by  three  bricks  falling  into  a  man-hole  and  stopping  in  the  outlet  of  a  six-inch  pipe.  The 
obstruction  was  easily  located  from  one  man-hole  and  removed  by  the  rods  and  hoe.  The  other  was 
caused  by  an  accumulation  of  grease  in  a  dead  end  that  was  removed  by  the  rods  and  hoe. 

"The  only  other  cleaning  required  was  the  removal  of  sand  from  the  man-holes,  as  no  catch-pans 
have  as  yet  been  put  in.  The  sewers  are  to-day  almost  as  clean  as  when  put  in  nearly  five  years 
ago.  From  experiments  made  by  myself  in  1886,  it  takes  the  water  from  a  discharge  of  flush-tank 
No.  1,  located  at  the  extreme  end  of  Washington  Avenue,  40  minutes  to  reach  the  outlet,  a  distance 
of  4,900  feet.  It  is  safe  to  say  that  everything  passes  out  of  the  whole  system  inside  of  an  hour  from 
the  time  it  is  placed  there,  leaving  no  chance  for  the  generation  of  gases  inside  the  sewer.  There 
are  no  appreciable  odors  even  standing  over  the  man-holes.  In  the  course  of  some  experiments  on 
the  ventilation  I  have  spent  hours  in  the  man-holes  with  no  ill  effect  and  hardly  any  discomfort,  as  far 
as  odor  was  concerned. 

"  Of  course  it  follows  as  a  matter  of  fact  that  the  oftener  the  air  is  changed  the  less  foul  it 
becomes,  and  the  easier  to  handle  ;  and  if,  by  a  proper  application  of  close  and  open  covers,  a  current 
could  be  induced  to  flow  nearly  continuously  through  the  sewers,  I  imagine  we  should  hear  of  little 
complaint  of  the  excess  of  foul  air  at  any  one  point.  As  a  matter  of  fact,  I  have  been  surprised  at 
the  remarkable  freedom  from  foul  odors  in  these  small  pipes,  and  at  the  clean  condition  after  nearly 
five  years'  use. 

"  The  experiments  made  on  the  air  of  these  sewers  are  only  a  beginning  of  what  should  be  carried 
out  to  give  an  intelligent  idea  of  the  flow  of  air  through  them.  I  for  one  have  placed  ventilated 
covers  on  my  man-holes  because  other  engineers  have  said  they  ought  to  be  there.  At  the  present 
time  I  am  far  from  satisfied  that  they  should  be  placed  at  random  along  a  line  of  sewers  without 
knowing  the  effect  they  will  have  in  the  end." 

Dr.  W.  M.  Yandell,  Health  Officer  of  El  Paso,  Texas,  says  (Sept.  27,  1888)  in  reply  to  a  circular 
letter  from  the  author : 

"  The  sewers  of  lowest  grade  in  El  Paso  as  shown  by  the  City  Engineer's  books  are : 

"1st.    In  alley  E.  of  Chihuahua  Street,  six-inch  pipe;    average  fall    i    in  400;    length   1,241    feet. 

"2d.    In  alley  E.  of  Santa  Fe  Street,  six-inch  pipe;    average  fall    i    in   300;    length   1,550  feet. 

"  3d.    In  alley  E.  of  El  Paso  Street,    six-inch  pipe;    average  fall   i   in  300;    length  446  feet. 

"  Each  of  the  above  is  a  distinct  line  with  flush-tank  at  head,  and  empties  into  the  main  Second 
Street  sewer. 

"  The  last  630  feet  of  line  in  alley  E.  of  Oregon  Street  is  nine-inch  pipe,  and  has  an  average 
fall  of    I    in  400. 

"  The  last  470  feet  in  alley   E.  of  Utah  Street  has  six-inch  pipe  and  an  average  fall  of  i   to  400. 

"The  last  2,100  feet  E.  of  Stanton  Street  is  eight-inch  pipe,  and  average  fall  of  i  in  300. 

"All  of  these  three  have  greater  fall  at  their  heads.  The  main  sewer  on  Second  Street  has  1,000 
feet  of  ten-inch  pipe,  and  5,827  feet  of  twelve-inch  pipe,  total  6,827  feet  with  average  fall  of  i  in  1,000. 
On  it  arc  a  number  of  man-holes  in  which  I  have  frequently  inspected  it,  and  the  sewage  moving  in 
a  fine  current.  At  its  outlet  at  my  last  inspection  I  found  two  dilapidated  pairs  of  drawers,  shirt  in 
same  condition,  and  one  leg  of  a  pair  of  woollen  pants,  all  of  which  had  come  through  it.  Every  line 
in  the  city  is  giving  perfect  satisfaction,  as  you  will  see  from  the  accompanying  certificate  of  the 
Sewer   Commissioner." 

The  certificate  of  the  Sewer  Commissioner  shows  that  "  since  the  completion  of  the  sewers  of 
El  Paso  in  December,  1887,  over  one  hundred  and  fifty  openings  have  been  made  into  them,  for 
the  purpose  of  making  house  connections,  under  the  supervision  of  the  Sewer  Commissioner,  and  that 
in  every  instance  they  were  found  clean  and  in  perfect  order,  as  they  have  likewise  always   been  found 
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at  the  different  man-holes  under  frequent  inspection.  In  only  one  instance  has  any  line  been  clogged, 
that  east  of  Santa  Fe  Street,  six-inch  pipe,  average  fall  i  in  300,  line  1,550  feet  in  length,  clogging 
near  the  head  caused  by  large  livery-stable  running  all  sand  and  mud  from  washing  vehicles  direct 
into  pipes,  in  violation  of  ordinance.  A  proper  sink  having  been  put  in  the  stable,  by  which  mud  and 
sand  settle  and  waste-water  overflows  into  the  sewers,  no  further  trouble  has  been  experienced. 
The  sewers  are  working  satisfactorily  in  every  respect." 

Mr.  William  B.  Landreth,  Schenectady,  N.  Y.,  in  reply  to  a  question  as  to  sediment  in  sewers  of 
low    grade,  writes : 

"  As  regards  the  flat  graded  sewers  in  Schenectady,  I  can  say  that  very  little  sediment  settled  in 
them,  and,  while  they  were  not  perfectly  clean,  no  stoppage  occurred.  I  think  that  absolute  cleanli- 
ness  in  sewers  at   those  low  grades   is  an    impossibility. 

"As  regards  the  present  condition  of  the  Schenectady  sewers  on  lines  of  low  grades,  I  have  no 
recent  information,  but  can  state  that  during  the  18  months  of  my  maintenance  to  May  10,  1887,  they 
kept  in  good  condition. 

"  A  number  of  the  sewers  have  a  grade  of  i  to  400  to  i  to  300,  and,  while  the  velocity  was  low, 
no  stoppage  occurred  on  streets  flushed  by  automatic  tanks. 

"  As  regards  my  own  practice,  I  use  grades  of  i  to  360  for  eight-inch  and  i  to  330  for  six-inch 
pipes  in  extreme  cases,  where  they  are  laid  to  an  exact  grade  line,  but  have  adopted  as  general  work- 
ing minima    i    to  200   for  six-inch   and    i   to   250   for  eight-inch   separate   sewers. 

"In  building  the  separate  sewers  at  Round  Lake,  N.  Y.,  I  used  i  to  350  for  eight-inch  and  i  to  300 
for  si.x-inch  in  a  few  governing  points,  and  a  recent  personal  e.xamination  shows  the  sewers  to  be  clean 
and  in  good  order  after  20  months'  use. 

"  From  the  fact  that  sewers  are  not  always  laid  to  an  exact  grade  line,  especially  in  quicksand  or 
treacherous  earth,  I  am  of  the  opinion  that  less  grades  than  i  to  200  for  six-inch  and  i  to  250  for  eight- 
inch  separate  sewers  should  be  very  rarely  used." 

Mr.    W.    T.    Brooke,    City    Engineer   of    Norfolk,  Va.,  says    (Oct.    4,    1888): 

"  I  will  state,  that  on  six-inch  laterals  laid  to  a  grade  of  one  foot  in  three  hundred,  terminating  in 
a  flush-tank,  there  have  been  no  stoppages,  except  in  a  few  cases  traceable  directly  to  wanton  violations 
of  the  purpose  of  the  sewers  and  gross  misusage.  On  eight-inch  laterals  we  have  had  no  stoppages, 
and  both  the  si.x  and  eight-inch  are  self-cleansing." 

"  Our  sewers  are  working  satisfactorily  and  are  now  in  general  use,  and  all  opposition  is  gradually 
wearing  out.  I  do  not  believe  the  sewers  would  require  any  cleansing  if  it  were  possible  to  keep 
out  the  insidious  sand  in  which  they  were  necessarily  laid,  and  due  care  should  be  used  in  keeping 
out  articles  never  intended  for  any  system  of  sewerage." 

Mr.  P.  F.  Babbidge,  Superintendent  of  Water  Works  and  Sewers,  Keene,  N.  H.,  says  (Sept.  17, 
1888): 

"  I  find  on  inspecting  the  sewers  here  that  their  condition  is  generally  good,  and  when  there 
is  any  trouble  it  is  caused  by  something  that  ought  not  to  be  allowed.  I  have  run  balls  through  all 
the  lines  that  are  laid  on  flat  grades  and  are  subject  to  back-water  during  the  high  water  of  the 
spring  and  fall.  The  fifteen-inch  main  through  the  Beaver  Brook  system  is  laid  on  a  grade  of  i  to 
1,000;  the  only  trouble  I  had  with  this  line  was  on  account  of  tan-bark  that  came  from  a  tannery 
that  is  connected  at  the  upper  end,  and  a  lot  of  sand  that  got  into  a  man-hole  from  a  break  in 
the  water-main  near  it  ;  500  feet  below  the  line  was  clean.  Church  Street  is  six-inch  and  eight-inch  and 
laid  very  flat,  i  to  650.  This  line  was  clean;  other  lines  nearly  as  flat  I  found  in  good  condition. 
These  lines  have  had  but  little  attention  for  five  years,  except  a  very  little  flushing  once  a  year,  no 
balls  being   used. 
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"  I  have  laid  since  I  came  here  a  line  i  to  600  and  it  is  working  all  right,  and  should  say  that  pipe 
if  properly  laid  can  be  laid  almost  flat  and  give  good"  satisfaction  if  it  is  cleaned  once  a  year  with 
balls  and  water  and   have   plumbers   looked   after  closely. 

"  I  have  not  had  any  trouble  with  any  of  the  lines  except  when  they  have  been  abused ;  of 
course  old  clothes,  shoes,  bottles,  leather,    etc.,  will  not  float." 

Frank  R.  Hartford,  C.E.,  engineer  in  charge  of  the  sewers  of  Memphis,  writes  (Oct.  12,  1888): 

"Your  letter  of  the  i8th  ult.,  addressed  to  Major  Merriwether,  was  handed  to  me  for  reply.  Since 
it  was  given  me  I  have  had  a  thorough  examination  of  the  system  made.  Every  line  of  sewers, 
whether  of  low  or  high  gradient,  is  thoroughly  clean.  We  have  no  fouling  upon  any  line,  and  upon 
many  I  am  certain  that  a  velocity  (mean)  of  not  even  xyz  feet  is  reached.  On  one  of  low  gradient 
(i'  in  200')  in  a  distance  of  700  feet,  the  maximum  depth  of  flow  is  not  more  than  2  inches  (it  is  a 
6'  line)  or  perhaps  3  inches  with  the  flush,  j'et  even  here,  where  the  mean  velocit}'  cannot  exceed  1.3 
feet,  the  pipe  is  perfectly  clean. 

"We  have,  it  is  true,  occasional  stoppages,  but  they  are  invariably  caused  by  foreign  substances 
such  as  sticks,   rags,  etc.,  never  by  deposit  of  sewage. 

"With  a  good  flush  at  the  head  of  the  line,  I  would  not  hesitate  to  lay  six-inch  at  i  in  300,  feeling 
confident  that  no  fouling  would  occur.  I  should  want  to  be  sure  of  the  'flush,'  however,  about  once 
in  twenty  hours." 

Mr.  George  W.   Tillson,  City   Engineer,   Omaha,   Nebraska,  writes   (Oct.   9,    1888): 

"Yours  of  Sept.  15  is  at  hand.  A  long  absence  from  the  city  has  prevented  me  from  giving  it 
the  pioper  attention  before.  The  lightest  grade  we  have  had  on  any  lateral  sewer  has  been  i  to  300, 
and  this  for  a  short  distance  only.  We  have  had  no  trouble  whatever  from  sewers  silting  up,  no 
stoppage  having  occurred  except  where  some  obstruction  has  been  found  in  the  sewer.  As  you  may 
perhaps  remember,  the  topography  of  our  city  is  such  that  the  best  grades  are  obtainable.  From  my 
personal  experience,  however,  I  should  not  wish  to  lay  six  inch  pipe  with  a  less  grade  than  i  to  200, 
nor  eight  inch  with  less  than  2  to  250.  If  my  memory  serves  me  correctly,  I  think  we  laid  pipe  in 
Kalamazoo,  Michigan,  with  even  less  than  the  above,  and  a  knowledge  of  their  experience  would 
doubtless  be  interesting  The  soil  there  was  a  quicksand,  where  there  would  be  as  much  danger  as 
anywhere  from  low  grade." 

George  S.  Pierson,  C.E.,  Kalamazoo,  Mich.,  says  (Oct.  20,   1888): 

"  The  majority  of  our  lateral  sewers  are  laid  at  a  minimum  grade  of  i  to  200.  A  few  six-inch 
laterals  are  laid  at  a  grade  of  i  to  250.  Most  of  tlie  laterals  have  flush  tanks,  and  those  of  i  to  250 
do  not  keep  in  proper  condition  without  them  The  beneficial  action  of  flush-tanks  is  also  quite 
noticeable  on  laterals  of  steeper  grades.  This  lias  been  tested  by  shutting  off  the  supph'  from  the 
flush-tanks  for  some  time,  and  noting  the  condition  of  the  deposit  brought  clown  by  the  flow  when  they 
are  again  operated. 

"  In  Schenectady,  eight-inch  laterals  are  laid  in  two  instances  as  flat  as  i  to  400  and  a  flush-tank 
keeps  them  free,  so  that  when  1  last  heard  there  had  never  been  a  stoppage.  I  do  not  think  these 
sewers  (i    to  400)  would  be  feasible  without  automatic  flush-tanks." 

Mr.    Pierson  wrote  again  on  this  subject  (Dec.  15,   1888)  as  follows: 

"  I  don't  know  that  I  can  give  you  any  information  now  that  will  be  of  use  to  you,  for  the 
reason  that  the  sewers  have  worked  without  difficulty  to  date.  Possibly,  however,  you  can  make 
some  use  of  the   fullowing: 

"  In  West  Tro)-  tin-  nattt'st  grade  on  laterals,  except  in  rare  instances  on  short  lines,  is  I  to  250, 
and  the  minimum  size  is  eight  inches.  There  has  never  been  a  stoppage  in  any  of  the  laterals.  In 
two    instances    parties    have    turned     the    entire    contents    of     an      old     vault     into    the    laterals.       In 
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both  cases  the  laterals  were  cleared  in  a  few  hours  by  opening  the  feed-pipe  of  the  flush-tank  and 
making  it  operate  about  to  the  capacity  of  the  feed-pipe.  The  flush-tank  supply  was  only  one-half- 
inch  tap  in  water-main.      The  laterals  are  in  nearly  every  case  supplied  with  a  flush-tank  at    dead   ends. 

"On  some  lines,  where  there  is  slight  flow  of  sewage,  it  has  been  noted  that  with  i  to  250  and 
eight-inch  pipe  there  is  a  slight  tendency  to  deposit  if  the  flush-tank  is  not  in  operation,  as  sometimes 
happens  from  the  water-service  pipe  becoming  fouled  with  sediment.  When  the  flush-tanks  are  in 
operation  there  is  no  tendency  toward  deposit  in  any  part  of  the  system.  It  is  the  intention  to  have 
flush-tanks  discharge  once  in  every  twenty-four  hours.  Some  parts  of  the  system  have  been  in  use 
two  years." 

It  seems  to  me  that  this  testimony,  all  of  which  was  received  after  the  earlier  part  of  this 
chapter  had  been  written,  fully  justifies  all  that  has  been  said  in  favor  of  using  six-inch  pipes  when- 
ever automatic  flush-tanks  are  used.  At  the  same  time  there  is  no  other  objection  than  their  cost  to 
the  use  of  eight-inch  pipes. 

It  is  also  shown  that  inclinations  giving  a  velocity  of  two  feet  per  second — when  sewers  are  run- 
ning half-full — will  suffice   even   for  the   usual  slighter  and   slower   current. 

When  roof-water  is  not  admitted  house-drains  should  not  be  more  than  four  inches  in  diameter. 


CHAPTER  VI. 

THE  VENTILATION  OF  SEWERS. 

1*^0  subject  connected  with  sanitary  improvement  has  been  so  fertile  of  discussion  and  invention 
•  [y  as  that  relating  to  the  condition  of  the  atmosphere  of  sewers.  In  the  first  place,  undue 
importance  is  attached  to  the  matter  of  simple  ventilation,  which  is  sometimes  regarded  as  the  one 
good  thing  to  be  sought ;  the  fact  being,  that  ventilation  is  merely  a  means  for  modifying  decompo- 
sition and  for  diluting  and  removing  its  products,  and  should,  therefore,  take  a  position  secondary  to 
the  more  important  matter  of  prcvoiting  decomposition  by  removing  decomposable  matters.  Still, 
while  to  this  extent  of  secondary  importance,  ventilation  is  nevertheless  of  absolute  importance.  It 
would  be  better  to  have  a  clean  sewer  without  adequate  ventilation  than  to  have  a  filthy  sewer  with 
the  best  ventilation  possible.  But  the  only  condition  that  is  really  admissible  is  a  combination  of 
cleanliness  and  free  aeration. 

A  sewer  properly  constructed,  properly  used,  and  properly  maintained  needs  ventilation  to  supply 
oxygen  for  the  ready  decomposition  of  organic  matter  attached  to  its  walls,  and  for  the  further  impor- 
tant service  of  diluting  and  removing  the  gaseous  products  of  the  process.  The  amount  of  air  required 
for  this  duty  is  not  very  great  ;  mucli  more  is  needed  for  removal  than  for  oxidation  or  dilution.  Some 
writers,  having  in  mind  the  well-known  fact  that  air  will  pass  more  freely  through  a  large  channel 
than  through  a  small  one,  if  it  has  relatively  equal  means  for  entrance  and  exit,  have  forgotten  the 
important  bearing  of  this  latter  condition,  and  have  assumed  that,  with  equal  means  of  entrance  and 
e.xit,  the  ventilation  of  the  larger  sewer  must  be  more  complete.  This  is  not  the  case.  In  a  paper  on 
"The  Determination  of  Organic  Matter  in  Air"*  reference  is  made  to  this  subject  by  Prof.  Carnelley, 
Mr.  Haldone,  and  Dr.  Anderson  of  Dundee.  They  found,  in  their  examination  of  living  rooms, 
that  "  the  carbonic  acid,  organic  matter,  and  micro-organisms  all  diminished  in  quantity  as  the 
cubic  space  per  person  increased  from  lOO  to  about  i,ooo  cubic  feet;  but  beyond  this  capacity 
there  is  a  slight  increase  in  those  impurities  which  are  attributed  to  the  inadequate  ventilation  of  the 
larger  rooms." 

The  same  conditions  obtain  in  the  case  of  sewers  ;  so  long  as  the  size  of  the  sewer  is  not  beyond 
the  ventilating  capacity  of  its  inlets  and  outlets,  its  ventilation  will  be  complete  ;  and  complete  venti- 
lation will  require  more  or  larger  vents  for  large  sewers  than  for  small  ones.  There  is  no  doubt  that 
clean  sewers,  of  any  usual  size,  .  will  be  sufficiently  ventilated  if  all  house  and  street  inlets  are 
untrapped.  The  proper  ventilation  even  of  small  sewers  cannot  possibly  be  secured  with  trapped 
street  inlets  and  house-drains,  and  with  no  other  communication  with  the  outer  air  than  through 
perforated  man-hole  covers.  This  device  may  be  very  good  for  accessory  use,  but  it  is  utterly  ineffi- 
cient and  ineffective  as  a  main  reliance.  Ordinarily,  the  most  that  it  accomplishes  is  to  do  wJiat 
English  engineers  used  to  call  "  letting  the  stink  out  into  the  streets,"  and  to  reduce  the  pressure  on 
house-traps. 

*  Tcchnol  gy  QmvU-rly,   Vol.    I.,    No.    i. 
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The  favorite  early  idea  of  those  who  turn  their  inventive  talent  in  this  direction  is  to  provide 
high  chimneys,  sometimes  with  accessory  fires,  or  to  connect  the  sewers  with  the  smoke-stacks  of 
factories.  In  rare  cases  this  device  has  been  somewhat  successful.  Ordinarily,  it  is  a  total  failure 
except  with  regard  to  sewers  in  its  immediate  vicinity.  If  the  system  of  ventilation  extends  to  lateral 
sewers  and  drains,  so  as  to  furnish  a  free  inlet  of  air,  and  especiallj-  if  street  man-holes  are  covered 
with  open  gratings,  the  artificial  draught  produced  is  supplied  from  a  few  inlets  iii  its  neighborhood, 
no  effect  being  produced   on  more  distant  parts  of  the  sewer. 

It  has  been  suggested  to  connect  all  rain-water  leaders  from  roofs  with  the  sewer,  without  traps, 
so  that  they  may  act  as  ventilators.  This  will  do  very  well  when  there  is  no  water  passing  down 
the  leaders;  as  soon  as  they  are  used  for  their  legitimate  purpose  they  carry  an  immense  amount  of 
air  into  the  sewer,  which,  as  ordinarily  regulated,  is  without  sufficient  openings  for  its  escape,  and 
considerable  pressure  is  produced. 

Another  proposal  is  to  carry  independent  ventilating  pipes  from  the  house-drains  outside  of 
house-traps.  This  will  be  effective  when  rain-water  is  not  flowing  through  the  house-drain,  and  will 
always  be  effective  if  the  roof-water  drain  and  the  house-sewage  drain  are  independent. 

The  proper  requirement  should  be :  to  make  the  ventilation  universal,  to  furnish  as  many  open- 
ings as  possible,  and  to  afford  abundant  facility  for  the  inlet  and  outlet  of  air.  The  plan  recommended 
by  many  engineers,  of  prohibiting  traps  on  house-drains  and  making  the  soil-pipe  itself  a  ventilator 
reaching  above  the  roof,  seems  to  me  to  leave  nothing  to  be  desired.  Under  such  conditions  of  venti- 
lation as  this  will  secure,  the  house-trap  is  entirely  unnecessary  in  connection  with  such  sewers  as 
should  be  tolerated  for  a  moment  by  any  community.  If  the  fixtures  are  trapped  from  the  soil-pipe, 
the  very  dilute  atmosphere  of  the  sewer  may  be  passed  through  this  pipe  without  objection.  There 
are  other  reasons,  which  are  given  in  their  proper  place,  why  traps  on  main  drains  are  objectionable. 

The  movement  of  air  through  sewers  and  through  their  inlet  and  exit  channels  is  due  to  the 
following  causes  : 

Difference  of  temperature  between  the  outer  air  and  the  air  of  the  sewer. 

The  frictional  effect  of  the  flowing  current  of  sewage  on  the  supernatent  air. 

The  effect  of  wind,  whether  blowing  into  or  across  the  open  mouth  of  the  sewer,  or  over  air 
channels  connected  with   its  interior. 

The  forcing  of  air  into  the  sewer  through  house-drains  or  rain-water  leaders  by  the  movement  of 
water  flowing  through  them. 

The  upward  or  downward  movement  of  air  in  rain-leaders  as  they  become  colder  or  warmer  than 
the  atmosphere. 

Similar  movements  of  air  in  house-drains  and  soil-pipes  due  to  differences  of  temperature. 

Barometric  changes. 

One  or  more  of  these  causes  is  generally  in  action,  and  a  sufficient  change  of  the  atmosphere  of 
the  sewer  will  be  effected  by  their  means  if  the  inlet  and  outlet  channels  are  sufficiently  frequent  and 
of  sufficient  capacity.  Two  soil  pipes  connected  with  the  sewer  may,  under  different  circumstances, 
act  alternately  as  outlets  and  inlets  ;  for  example  :  A  cold  soil-pipe  may  have  its  current  moving  toward 
the  sewer,  while  a  warm  soil-pipe  will  have  its  current  moving  out  from  the  sewer.  A  high  soil-pipe 
m.ay,  under  barometric  influences,  maintain  an  outward  current  to  be  supplied  by  an  intake  through 
a  low  soil-pipe;  a  soil-pipe  of  which  the  top  is  exposed  to  the  wind  may  act  as  an  upcast,  and  a  shel- 
tered one  as  an  incast  channel. 

Where  house-drains  and  soil-pipes  are  without  traps,  the  movement  of  air  will,  in  ordinary  weather, 
be  greater  without  "  ventilating  cowls"  than  with  them.  It  is  true  that  under  the  influence  of  a  high 
wind  a  cowl  may  produce  a  strong  current,  but,  in  the  absence  of  wind,  it   may  act  as  a  serious  obstruc- 
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tion  to  the  natural  flow  of  air.  It  is  not  important  to  have  strong  currents  in  soil-pipes  at  any  time, 
and  it  is  important  to  faciHtate  sHght  currents  in  still  weather.  The  suggestion  has  recently  been 
made  that,  for  effective  ventilation,  the  soil-pipe  should  be  at  least  twelve  inches  in  diameter  and  should 
be  enlarged  as  it  ascends.  This  is  not  necessary ;  there  is  a  perceptible,  and  generally  a  measurable, 
velocity  through  ordinary  four-inch  pipes  connected  directly  with  the  sewer,  and  as  all  that  is  needed 
is  a  sufficient  supply  of  oxygen  for  the  proper  decomposition  of  the  sliming  of  the  sewers,  and  of  air 
for  the  dilution  of  the  very  small  product  of  resultant  gases,  a  trifling  movement  will  answer  the  pur- 
pose. 

Exhaust  fans,  blowers,  high  chimneys,  and  all  devices  for  forcing  the  ventilation  of  large  sewers 
are  practically  powerless  to  effect  a  change  of  atmosphere  at  remote  points.  None  of  them,  therefore, 
are  worthy  of  consideration. 


CHAPTER  VII. 

THE   MAIN  OUTLET  AND  MAIN  SEWERS. 

IN  the  majority  of  cases  the  most  important  question  to  be  decided  in  devising  a  plan  of  sewerage, 
and  the  one  requiring  the  most  experience  and  the  best  judgment,  is  that  which  relates  to  the 
ultimate  point,  or  points,  of  discharge. 

Whether  to  convey  all  of  the  sewage  to  one  outlet,  or  to  distribute  it  between  various  different 
points;  whether  to  follow  the  natural  indications  of  the  surface,  or  to  disregard  these  and  seek  an 
artificial  outlet ;  and  whether  to  make  the  discharge  with  reference  to  delivery  into  a  body  of  water 
or  to  some  artificial  means  of  disposal — these  are  among  the  most  serious  preliminary  problems  that 
are  presented.  It  is  impossible  to  formulate  a  statement  of  all  of  the  considerations  which  should 
influence  the  choice;  these  will  develop  themselves  more  or  less  directly  in  the  general  discussion  of 
the  subject  elsewhere  in  this  work.  All  that  it  seems  necessary  or  safe  to  say  here  is,  that  the  natural 
indications  should,  other  things  being  equal,  be  regarded  as  generally  leading  to  the  simplest  and 
cheapest  and   often  to  the  best  solution. 

Where  any  form  of  artificial  or  distant  disposal  is  to  be  adopted,  the  selection  of  the  point  of 
outlet  assumes  still  greater  importance.  Frequently,  too,  there  are  serious  difficulties  in  the  way  of 
securing  any  satisfactory  outlet  from  low-lying  portions  of  the  town. 

■    OUTLETS    FOR    LOW-SEWER   DISTRICTS. 

So  long  as  we  can  get  rid  of  our  drainage  by  a  good  natural  flow,  everything  being  carried  by 
gravity  to  its  ultimate  point  of  discharge,  our  work  is  comparatively  simple.  Unfortunately,  the  world 
locates  its  towns  with  reference  to  its  means  of  approach  and  communication  rather  than  with  reference 
to  its  future  sanitary  requirements.  Railroad  towns  are  often  high  and  dry,  but  places  which  were 
founded  when  water  communication  was  the  principal  means  of  intercourse  were  established  on  the 
banks  of  rivers  and  of  harbors,  and  very  often  on  low  land  but  little  above  the  level  of  the  stream 
or  sea.  As  a  result,  we  find  along  our  rivers,  bordering  our  lakes,  and  skirting  our  coasts  large  and 
thriving  towns  whose  feet  are  literal])-  in  the  water.  Thus  far  the)'  have  generally  found  it  sufficient, 
or  thought  it  sufficient,  to  deliver  their  wastes  directly  at  their  water-fronts,  and  lo  discharge  them 
at  the  slight  depth  that  their  low-lying  site  made  imperative.  In  these  la  ter  da)'s,  when  the  necessity 
for  more  distant  removal  is  appreciated,  and  when  the  extension  of  the  town  has  greatly  increased 
the  flat  area  over  which  drainage  must  be  carried,  a  gravity  outlet,  and  even  a  gravity  removal  from 
one  point  of  the  town  to  another,  is  often  beset  with  serious  difficulties,  if  not  made  impossible.  In 
such  cases  the  pumping  of  the  discharge  of  the  sewers  to  a  greater  or  less  height,  in  order  to  secure 
deeper  sewerage  and  more  distant  removal,  sometimes  becomes  imperative. 

In  Boston,  for  example,  the  sewage  of  the  whole  city  is  carried  by  a  main  sewer,  laid  far  below 
tidal-levcl,  to  a  distant  point,  from  which  it  is  pumped  to  a  reservoir  that  is  discharged  on  the  out- 
going tide. 
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In  New  Orleans,  where  the  lateral  sewers  are  street-gutters  open  to  the  sky,  and  where  the  mains 
are  stinking  canals  crossing  the  marsh,  the  current  is  forced  on  toward  Lake  Pontchartrain  by  the  use 
of  huge  steam-driven,  Dutch  water-wheels. 

In  Norfolk,  where  the  greatest  elevation  is  twelve  feet  above  low  water,  and  important  business 
areas  are  only  six  feet  .above,  the  sewage  and  subsoil  drainage  of  the  whole  city  is  carried  to  a  well 
which  the  sewers  enter  ten  feet  below  low  water,  being  pumped  thence  into  Elizabeth  River  through 
a  submerged  outlet. 

In  Stamford,  Conn.,  where  parts  of  the  town  occupied  for  manufacturing  purposes  and  residences 
are  practically  at  the  level  of  extreme  high  tides,  and  where  the  public  square  in  the  centre  of  the 
town  is  only  lo  feet  above  this  level,  the  foul  sewage  is  delivered  into  a  pumping-well  about  13  feet 
below  high  water,  being  thence  pumped  through  a  force  main  i^  miles  long  to  a  point  in  Long 
Island  Sound  beyond   low-water  mark. 

In  Sacramento  pumping  is  necessary  during  high  stages  of  the  river.  During  low  stages  a  some- 
what inadequate  gravity  discharge  is  made  to  answer  the  purpose.  In  El  Paso,  Texas,  the  Rio  Grande 
River  for  a  few  weeks  in  the  spring  invades  parts  of  the  town  with  its  f5oods  ;  at  other  times  it  is 
well  below  its  banks.  Generally,  the  sewage  is  discharged  by  gravity,  pumping  coming  into  use  onl.y 
when  the  river  is  up. 

In  London,  save  for  the  excess  of  storm-water  that  overflows  into  the  Thames  during  heavy 
rains,  the  whole  volume  of  the  foul  sewage,  subsoil  water,  and  storm-water  is  pumped,  that  on  the 
north  side  to  the  height  of  over  50  feet,  and  that  on  the  south  from  25   to   50  feet,  by  several  lifts. 

In  fact,  the  use  of  mechanical  power  for  pumping  sewage  is  no  longer  the  bugbear  that  it  once 
was.  When  we  consider  that  the  water-supply  of  a  vast  number  of  towns  is  pumped  to  a  great 
height,  often  over  one  hundred  feet,  pumping  outlets  with  low  lifts  will  be  accepted  as  a  very  practical 
means  for  carrying  sewage  to  proper  points  of  disposal  from  low-lying  town  areas  and  for  the  trans- 
mission of  sewage  from  one  point  to  another  over  flat  areas.  So  far  as  ultimate  removal  is  concerned, 
it  is  a  question  of  the  requisite  mechanical  power.  All  else  is  mere  detail,  affecting  convenience  or 
economy.  However,  where  the  whole  town,  or  a  large  part  of  it,  is  flat  as  well  as  low,  and  especially 
where  deep  digging  is  difficult  or  well-nigh  impossible  because  of  quicksand  and  superabundant  water, 
the  means  of  getting  from  one  point  to  another  with  the  line  of  a  main  sewer  becomes  a  matter  of 
serious  consideration.  Even  were  it  practicable  to  lay  sewers  at  reasonable  cost  deep  below  the 
level  of  the  freely  moving  subsoil  current,  the  amount  of  subsoil  water  that  might  be  forced  into  the 
sewer  for  all  time  through  minor  defects,  which  are  often  more  likely  to  occur  in  house-drains  than  in 
the  sewer  itself,  would  constitute  a  heavy  additional  tax  on  the  pumping  apparatus,  and  would  cause  a 
permanent  increase  of  the  cost  of  sewage  removal.  This  cost  will  sometimes  be  offset,  as  is  notably 
the  case  in  Norfolk,  where  much  of  the  subsoil  drainage  is  delivered  to  the  well,  by  a  great  improve- 
ment in  the  character  of  the  ground  as  a  result  of  perfect  under-drainage.  But  v/here  the  leading  pur- 
pose is  to  remove  the  foul  wastes,  and  where  it  is  important  to  avoid  pumping  an  undue  amount  of 
subsoil  water,  as  well  as  where  it  is  especially  difficult  to  lay  deep  sewers,  some  device  other  than 
deep  direct  mains  must  be  resorted  to. 

There  are  now  available  three  such  devices.  One  of  these  is  the  Shone  pumping  system,  one 
Baldwin  Latham's  pumping  system,  and  the  other  my  own  of  removal  by  siphonage.  This  latter  is 
especially  applicable  in  low,  flat  areas  where  the  cost  of  direct  sewerage  is  generally  greatest.  It  is 
to  carry  the  sewage  from  point  to  point  by  the  use  of  siphons  laid,  along  their  main  course,  near 
to  the  surface  of  the  ground  and  reaching  to  the  bottom  of  deep  wells  at  their  ends. 

In  1882  I  was  consulted  as  to  the  sewerage  of  the  city  of  Schiedam,  Holland,  where  the  entire 
area  is  flat  and  very  low,  and  where  it  would  be  necessary  to  pump  sewage  into  the  river.  To  estab- 
lish a  sufficiently  deep  pumping-well,  and  to   lead  to  it   main  sewers  from  remote  parts  of  the  town  at 
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the  depth  required  to  give  the  necessary  fall,  would  involve  deep  digging  through  a  wet,  treacherous, 
silty  soil,  under  difficulties  that  may  be  regarded  as  well-nigh  insurmountable. 

Plate  I.  is  a  map  of  the  city  of  Schiedam,  showing  the  outlet  wells  at  A,  B,  C,  and  E,  and  a 
pumping-well  (also  to  be  used  as  an  outlet  well)  at  D.     This  plan  was  submitted  in   1882. 

The  solid  lines  show  the  courses  of  the  siphons  connecting  these  wells,  and  the  dotted  line  shows 
the  course  of  the  force-main,  through  which  the  effluent  was  to  be  driven  from  the  pumping-well  D 
to  the  main  outlet  in  the  river  Maas. 

The  wells  C  and  E  were  to  be  connected  with  the  pump-well  by  direct  siphons.  The  well  B 
was  to  have  its  connection  by  a  branch  with  the  siphon  running  from  well  A  to  the  pump-well. 

The  section  shows  the  proposed  location  and  arrangement  of  these  intersecting  siphons,  the  lines 
from  A  and  B,  and  from  E,  being  bridged  over  the  Laange  Haven,  and  the  line  from  B  passing  under 
the  water  of  the  Nieuwe   Haven. 

This  plan  was  not  put  in  execution,  and  is  presented  here  only  as  the  first  step  of  my  work  in 
this  direction. 

The  question  of  using  siphons  for  this  purpose  did  not  recur  until  the  beginning  of  the  year  1884, 
in  connection  with  the  sewerage  of  Norfolk,  Va.*  One  of  the  principal  mains  of  this  work,  on 
Brewer  Street,  was  to  be  a  pipe  18  inches  in  diameter,*  laid  at  a  maximum  depth  of  19  feet  below 
the  surface  of  the  street  and  for  a  long  distance  to  a  depth  of  more  than  16  feet.  Its  upper  portion, 
as  far  as  Charlotte  Street,  had  been  constructed  without  very  serious  difficulty,  though  the  lower  soil 
was  a  quicksand,  which  made  trenching  difficult  and  hazardous.  It  now  became  a  question  of  passing 
near  to  a  large  brick  Masonic  Temple,  and  it  was  deemed  unsafe  to  continue  the  deep  work. 

I  recommended  the  use  of  a  siphon  of  iron  pipe  fourteen  inches  in  diameter,  having  its  intake  at 
the  bottom  of  a  deep  man-hole  at  the  end  of  the  finished  sewer,  rising  to  within  a  safe  distance  of 
the  surface  of  the  ground,  continuing  to  the  pumping-well  1,850  feet  distant,  and  having  its  discharging 
limb  permanently  sealed  by  the  use  of  a  return  bend  which  would  always  hold  water,  overflowing  at 
a  point  five  inches  higher  than  the  mouth  of  the  intake  at  the  upper  well.  The  arrangement  of  the 
siphon  and  its  relation  to  the  man-hole  and  pumping-well  are  shown  in   Figure   i. 

The  apex  of  the  siphon  is  connected  with  the  pumping-station  by  a  two-inch  pipe,  attached  to 
which  is  a  subsidiary  steam-pump  for  removing  its  accumulated  air. 

This  work  was  constructed  under  the  direction  of  Mr.  William  T.  Brooke,  City  Engineer,  to 
whose  care  in  arranging  details,  and  to  whose  ingenuity  in  overcoming  difficulties  of  construction,  the 
success  of  the  device  is  largely  due. 

Referring  to   the   illustration,   the   following  description   will   be    readily  understood: 

The  receiving-well  at  Charlotte  Street  is  a  man-hole  five  feet  in  diameter  carried  down  nearly  to 
the  grade  of  the  pumping  well.  The  main  sewer  discharges  into  this  man-hole  on  the  grade  of  the 
abandoned  line  of  eighteen-inch  pipe  sewer.  The  fourteen-inch  iron  siphon  has  its  intake  in  this 
man-hole  at  a  point  four-tenths  of  a  foot  lower  than  the  mouth  of  the  discharging  limb  of  the 
siphon  in  the  pumping-well.  The  breaking  of  the  siphon  at  its  intake  In  the  man-hole  is  impossible 
because  the  water  here  cannot  be  lowered  to  within  four-tenths  of  the  end  of  the  pipe.  The  apex 
of  the  siphon,  to  which  the  air-pump  is  attached,  is  at  Freemason  Street,  as  shown.  The  siphon  was 
charged  in  May,  1885,  by  allowing  both  wells  to  be  filled  to  a  sufficient  height  and  working  the  air«- 
pump  until  it  drew  water.  From  that  time  until  this  it  has  flowed  constantly  and  has  performed 
its  duty  perfectly. 

As  the  intake  of  the  siphon  is  so  placed  as  to  receive  bubbles  of  air  carried  to  it  b}-  the  sewage 
falling  into  the  man-hole,  it  is  necessary  to  work  the  pump  a  few  minutes  every  day.  This  difficulty 
will    be    largely    overcome    in    future   work    by    allowing    the    sewage    from    the    man-hole  to    flow  for   a 

*  See  tlie  Map  of  Noifalk  in  Chapter  XIII. 
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short  distance  over  weirs  which  will  allow  most  of  the  air  to  escape.  The  much  smaller  amount  then 
accumulating  at  the  apex  of  the  siphon  can  be  withdrawn  by  an  automatic  apparatus  working  in  con- 
nection with  the  water  supply. 

In  the   summer  of   1886  the  City   Engineer  made  the  following  report  concerning  this   siphon: 

"  The  working  of  the  siphon  has  been  all  that  could  be  expected.  It  would  be  sufficient  to  say 
that  it  has  never  ceased  to  work  since  it  was  charged  at  the  beginning,  but  it  has  stood  even  a  more 
severe  test  than  this.  Last  winter  a  water-main  burst  in  Brewer  Street,  about  100  feet  beyond  the 
upper  well.  There  was  a  broken  eigliteen-inch  pipe  just  under  the  point  where  the  main  gave  way, 
and  in  consequence  before  the  leak,  which  occurred  at  night,  could  be  stopped  at  least  thirty  or 
more  cart-loads  of  sand  were  washed  into  the  upper  five-foot  discharging  well.  It  all  passed  over  into 
the  lower  well,  and  neither  then,  nor  at  any  other  time  since  the  siphon  was  started,  have  I  had 
to  remove  a  shovelful   of  anj-thing  from  the  upper  well." 

Having  been  consulted  recently  by  the  authorities  of  the  city  of  Stockton,  Cal.,  concerning  a 
plan  of  sewerage  prepared  for  that  city  by  Messrs.  Tucker  and  Manson,  and  having  reason  to  suppose 
that  similar  difficulties  would  be  encountered  in  deep  work  there,  I  have  recommended  that  the  city 
be  divided  into  separate  sewer  districts  each  draining  to  its  own  central  well,  and  that  these  wells  be 
connected  with  each  other  and  with  a  single  outlet  by  a  series  of  siphons  arranged  as  above  indi- 
cated. It  is  believed  that,  care  being  taken  to  reduce  to  a  minimum  the  amount  of  the  air  entering 
the  siphon,  the  system  may  be  kept  working  smoothly  by  automatic  process,  or  by  the  occasional 
working  of   a   hand-pump    attached    to   each   apex. 

The  success  of  the  Norfolk  siphon  establishes  the  validity  of  the  principle  beyond  question,  and 
no  difficulties  are  likely  to  arise  elsewhere  which  may  not  easily  be  overcome.  The  economy  in  the 
case  of  Stockton  will  probably  be  great,  as  it  is  especially  important  in  such  a  soil  to  keep  the  work 
as  near  as  may  be  to  the  surface  of  the  ground. 

INTERCEPTING   SEWERS. 

In  arranging  a  system  of  sewerage,  it  is  sometimes  important  to  intercept,  at  a  considerable 
elevation  above  the  lower  parts  of  the  area,  the  sewage  produced  in  the  higher  parts.  It  is  sometimes, 
but  not  always,  economical,  as  a  mere  question  of  cost,  to  keep  this  sewage  at  a  high  level  and  lead 
it  to  the  outlet  through  a  sewer  of  small  diameter  suitable  to  the  steep  grade  then  available,  rather 
than  to  carry  it  all  to  the  lower  districts  and  discharge  it  through  an  equal  length  of  the  much  larger 
section  that  the  flat  grade  there  required  would  make  necessar3^  This  condition  does  not  occur  very 
often,  and  it  never  occurs  where  the  main  outlet  is  in  or  near  the  town. 

If  pumping  is  required  for  discharging  the  sewage  of  the  lower  districts,  and  if  the  desired  points 
can  be  reached  by  the  intercepting  sewer  by  gravity,  then,  although  this  sewer  ma}-  be  a  costly  one,  it 
may  be  economical  to  use  it,  the  constant  charges  for  pumping  being  more  than  an  ofTsct  for  the 
interest  on  the  cost  of  the  intercepting  sewer.  It  is  sometimes  necessary,  especially  in  dealing  with 
the  case  of  an  old  town  a  large  portion  of  which  is  already  sewered  by  the  combined  .system,  and 
where  it  becomes  necessary  to  treat  the  dry-weather  flow  artificially  to  avoid  nuisance,  to  make  arrange- 
ments for  the  interception  of  the  foul  sewage  proper,  separating  it  from  the  storm  flow.  The  best  waj- 
to  do  this  is,  generally,  b}-  the  device  suggested  b\'  Baldwin  Latham.*  This  method  of  interception 
depends  on  the  greater  velocity  of  a  large  flow  than  of  a  small  one.  The  invert  of  the  conveying 
sewer  is  interrupted,  forming  the  edge  of  a  weir,  over  which  the  stream  falls  A  small  stream  falls  near 
to  the  breast  of  the  weir  and  enters  the  intercepting  sewer  below.  A  full  stream,  running  further  out, 
jumps  a   feather  dam  and   is  carried  on  to  the  direct  outlet.     Another  method  of  interception   is  to  pro- 

*  See  Latliam's  "  S.inilary  Engineering,"  Second  London  Edition,  1S7S,  page  45.  and  Plate  XVII.,  Fig.  g. 
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vide  overflow  outlets  at  the  sides  of  the  main  sewer  at  a  height  just  above  the  calculated  extreme 
height  of  the  dry-weather  stream.  Whenever  the  sewage  rises  above  this  level,  the  excess  flows  out 
through  the  lateral  openings  toward  the  direct  outlet,  the  smaller  volume  going  on  to  the  irrigation 
field,  chemical-works,  or  other  point  of  disposal. 

A  radical  shortcoming  in  both  of  these  devices  is  due  to  the  fact  that  in  one  case  provision  must 
be  made  to  retain  in  the  sewer,  and  in  the  other  to  discharge  into  the  intercepting  sewer,  the  full 
volume  of  the  extreme  daily  flow,  which  for  a  single  hour  in  the  forenoon  may  be  twice  as  much  as 
it  may  be  even  an  hour  earlier  or  an  hour  later.  This  makes  it  necessary  to  send  with  the  dry- 
weather  flow,  sometimes  for  days  together,  an  amount  of  rain-water  equal  to  at  least  three  times  the 
daily  flow  of  sewage.  This  difficulty  may  be  mitigated  by  using  a  rain  guage  balance,  by  means  of 
which,  whenever  the  rainfall  exceeds  a  certain  limit,  it  will  divert  the  entire  stream  into  the  overflow 
channel,  leaving  nothing  whatever  to  pass  on  through  the  intercepting  line.  The  rain-guage  balance, 
when  over-weighted,  would  actuate  a  gate  or  a  switch,  turning  the  entire  current  to  the  outflow.  If 
such  a  device  could  be  arranged  without  too  much  complication,  it  would  accomplish  a  good  practical 
result ;  the  foul  sewage,  carried  to  the  outflow  with  the  rain-water  current,  would  be  less  objectionable 
than  the  great  volume  of  rain-water  added  by  the  alternative  devices  to  the  foul  sewage  to  be  treated. 

Of  course  such  interception  will  be  required  only  in  connection  with  the  combined  system  of 
sewerage,  the  flow  of  the  sewers  of  the  separate  system  remaining  substantially  the  same  in  all 
weathers. 

BRICK   SEWERS. 

It  is  necessary  to  add  but  little  to  what  is  said  concerning  brick  sewers  in  describing  the  Trunk 
Sewer  of  Buffalo  and  the  main  sewer  of  Saratoga  Springs,  Chapters  XXI.-XXII. 

Tile  construction  of  brick  culverts  and  their  appliances  has  been  exhaustively  treated  by  so  many 
writers  whose  works  are  accessible  to  the  profession,  and  its  details  are  so  well  known  to  the  average 
practitioner,  that  the  subject  needs  little  attention  here. 

It  may,  however,  be  well  to  say  for  the  benefit  of  non-professional  readers,  who  often  have  oppo- 
site ideas,  that  a  circular  sewer  is  stronger  than  an  egg-shaped  sewer  having  the  same  cross-section  of 
material ;  that  a  brick  sewer  constructed  of  the  best  material  and  in  the  best  manner  need  not  be 
more  than  one  ring — four  inches  — thick  up  to  a  diameter  of  three  feet,  nor  more  than  eight  inches — two 
rings — thick  up  to  a  diameter  of  six  feet  ;  that  four  inches  of  first-rate  work  are  more  reliable  than 
eight  inches  of  second-rate  work ;  and  that  in  laying  brick  sewers  every  dollar  spent  in  careful,  honest 
(non  political)   inspection   is  worth  twenty  dollars  spent   in   brick  and    mortar. 

The  measure  of  the  efficiency  of  a  sewer  for  the  cleanly  removal  of  its  dry-weather  flow  depends 
on  three  factors:  rate  of  inclination,  smoothness,  and  uniformity  of  surface  and  radius  of.  the  invert. 
Even  where  a  large  section  is  required  to  carry  excessive  storm-floods,  and  where  the  sewer  is  so  near 
to  the  surface  of  the  street  that  a  flat  arch  and  high  side  walls  are  required,  this  channel  for  the  flow 
of  dry-weather  sewage  must  not  be  sacrificed.  There  is  always  room  in  the  ground  below  to  make 
the  floor  of  the  sewer  ampi)'  strong,  though  it  be  nearly  flat,  with  a  deep  channel  cut  through  its 
centre.  Many  an  existing  flat-arched  sewer  would  be  improved  by  filling  up  its  bottom  to  secure  such 
a  channel,  allowing  the  discharging  capacity  for  storm-water  to  be  taken  out  of  the  "safety  factor,"  or 
even   allowing  storm-water,   on   rare   occasions,    to   overflow  at    man-holes. 

The  roughness  caused  by  ])rotruding  cement  in  the  arch  of  the  sewer  should  not  be  smoothed  off 
after  the  centre  is  struck  ;  it  is  needed  as  an  attachment  for  the  cement  rendering,  by  which  the 
whole  sewer  should  be  lined.  Unless  bricks  are  unusuall)-  hard  and  smooth,  more  so  than  is  practic- 
able with  the  sewer  bricks  of  this  country,  brick  surfaces  should  not  be  exposed  to  the  flow  of  sewage. 
In   fact,  in    the  whole  construction,   brick   should    be  used    only  to    fill  voids  in  the  cement  ;    that    is  to 
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say,  no  two  bricks  should  touch  each  other  in  any  case,  and  each  should  be  encased  in  cement 
mortar  of  the  best  character. 

Hollow,  vitrified  draining  inverts  should  not  be  used.  Their  bond  with  the  rest  of  the  sewer  is 
defective  in  wet  ground,  where  alone  they  are  needed  ;  it  is  impossible  to  make  their  end  joints  tight, 
and  their  necessary  effect  may  be  equally  well  secured  by  laying  a   tile  or  small  pipe  under  the  sewer. 

It  is  best  to  be  liberal  in  the  matter  of  sheeting  lumber  to  be  left  in  the  ground  wherever  this  is 
not  of  a  homogeneous  character ;  and,  wherever  the  nature  of  the  soil  is  not  such  as  to  cause  the 
sewer  to  be  embraced  with  a  reasonably  equal  pressure  all  around,  the  sheeting  cannot  be  withdrawn 
without  injury  to  the  work. 

TIDAL   OUTLETS. 

The  discharge  of  sewage  into  tidal  waters  is  often  a  necessity.  The  usual  method  is,  of  course, 
to  carry  the  outlet  sewer  to  the  bank  of  the  estuary,  harbor,  or  bay,  and  leave  things  to  take  their 
chances.  Sometimes  the  mouth  of  the  sewer  is  at  high-water  mark,  or  higher,  sometimes  at  low- 
water  mark,  or  lower,  or  at  various  elevations  between  the  two. 

Under  conditions  where  no  practical  objection  can  arise  from  the  delivery  of  sewage  on  to  the 
shore,  the  simplest  and  cheapest  course,  which  is  to  discharge  above  high  water,  or  as  nearly  that  as 
possible,  will  naturally  be  followed.  But  even  here  it  would  cost  little  and  would  be  much  better  to 
extend  the  sewer  to  a  point  low  enough  for  it  always  to  be  submerged.  This  would  prevent 
strong  winds  from  blowing  into  the  sewer,  often  making  itself  felt  even  at  distant  house-drains.  It 
secures  a  concealed  discharge  of  many  objectionable  matters,  and  lessens  their  liability  to  be  strewn 
along  the  shore.  The  submersion  of  the  outlet  is  not  objectionable  on  the  score  of  ventilation,  because 
a  sufficient  ventilating  opening  may  always  be  provided  above  tidal    level. 

Delivery  at  the  immediate  wharf  or  shore  of  a  town,  where  the  water  into  which  sewage  is  dis- 
charged is  moving  back  and  forth  at  every  tide,  is  sure  to  be,  or  in  time  to  become,  objectionable; 
and  one  of  the  first  suggestions  for  improvement  that  is  usuall}'  made  is  to  construct  an  intercepting 
sewer  which  shall  carry  ever}-thing  to  a  more  distant  point  of  discharge. 

A  most  notable  instance  of  work  of  this  character,  and  an  example  of  first-rate  work,  is  the  "im- 
proved sewerage "  of  Boston.  The  sewers  of  this  city  formerly  discharged  at  the  foot  of  every  street 
or  at  the  back  of  the  house-lot.  Boston  was  practically  surrounded  by  a  deposit  of  sewage  filth,  some 
of   it  stranded  and  stationary,  and  some   moving   back  and   forth  with   the   changes  of  the  tide  and  wind. 

A  deep  main  sewer  has  now  been  constructed  which  intercepts  the  old  system  and  removes  the 
sewage  by  which  the  shore  was  formerly  fouled.  This  sewage  is  delivered  at  a  pumping-station  remote 
from  the  city,  and  is,  by  mechanical  power,  delivered  to  Moon  Island,  well  down  the  harbor.  It  is  here 
ponded  until  the  proper  point  of  the  ebb  tide,  \\hen  gates  are  opened  and  the  accumulation  is  carried 
seaward — the  gates  being  closed  before  the  turn  of  the  tide. 

A  project  is  now  on  foot  for  withholding  the  sewage  of  Providence  from  the  restricted  outlet  es- 
tuary into  which  it  flows,  the  whole  discharge  being  taken  to  a  point  on  the  shore  some  miles  distant, 
there  to  be  deprived  of  its  more  objectional  constituents,  then  delivered  into  the  bay. 

In  devising  schemes  for  the  removal  of  such  nuisances  as  existed  in  Boston,  and  such  as  exist  in 
greater  or  less  degree  in  nearly  every  coast  town,  much  attention  should  be  given  to  the  condition 
that  will  be  produced  at  the  new  point  of  discharge.  At  Brighton,  and  at  other  places  on  the  coast 
of  England,  costly  outlets  have  proven  unsatisfactory  because  of  the  return  of  the  discharged  sewage 
on  to  the  beaches  or  frequented  shores,  so  that  very  expensive  conduits  for  removal  to  suitable  dis- 
tances have  become  necessary. 

This  is  eminently  a  case  where  no  fi.xed  rule,  and  almost  no  general  principle,  can  be  established 
to  guide  the  work    under   different   circumstances.      According   to    the    theories    that    have    been    applied 
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to  the  case,  New  York  Harbor  should  be  intolerably  foul  ;  but  the  fact  is  that,  with  a  population  of 
nearly  two  millions  bordering  on  the  tidal  waters  which  are  discharged  at  Sandy  Hook,  there  is 
little  fouling  of  the  harbor  at  an)'  point,  save  in  bays  and  coves,  where  the  tidal  movement  is  feeble. 
This  immunity  from  a  long-predicted  nuisance  is  due  to  the  enormous  volume  of  water  pouring  into 
New  -York  Harbor  through  Hell  Gate  at  each  high  tide  of  Long  Island  Sound.  This  tide  is  of  much 
greater  elevation  than  that  entering  from  Sandy  Hook,  and  it  occurs  when  the  Sandy  Hook  tide  has 
been  falling  for  three  or  four  hours.  This  Sound  tide  pours  into  the  Hudson  and  into  Prince's  Bay, 
forming  an  enormous  flushing  supply,  sufficient  to  maintain  a  passable  purity  of  the  waters  of  the 
Harbor,  and  to  keep  the  channel  at  Sandy  Hook  open  by  the  great  preponderance  of  the  outward 
current. 

The  Delaware  River  side  of  Philadelphia  is  kept  reasonably  clean  by  the  sweep  of  the  current. 
The  tidal  movement  ending  at  Fairmount  Dam,  the  Schuylkill  side  is  insufferably  foul. 

It  may  be  said,  in  general  terms,  that  sewage  should  at  least  be  delivered  where  the  tide  has  a 
free  sweep,  or  should  be  delivered  only  on  the  out-going  tide  and  at  a  point  whence  a  serious  reflux 
movement  is  not  to  be  apprehended.  This  was  originally  the  theory  of  the  discharge  of  the  sewage 
of  London  into  the  Tham.es  at  a  point  some  miles  down  the  river.  Great  reservoirs  were  built  to  re- 
tain the  flow  during  the  incoming  tide,  the  accumulation  being  discharged  with  the  ebb.  These 
works  were  enormously  costly,  were  well  planned,  and  well  constructed.  The  plan  was  probably  ac- 
cepted at  the  time  by  all  competent  engineers  as  being  a  safe  one.  The  result  has  been  an  almost 
absolute  failure,  and  renewed  efforts  are  now  to  be  made  to  get  rid  of  the  huge  nuisance  with  which 
Bazalgette's  appliances  were  not  sufficient  to  cope. 

The  incoming  tide  insists  on  returning,  often  to  a  point  miles  above  the  tidal  outlet,  matters  which 
it  was  promised  should  work  their  way  seaward  and  never  be  heard  from   more. 


SUBMERGED    OUTLETS. 

In  several  cases,  submerged  outlets  extending  a  good  distance  below  low-water  mark  have  been 
found  successful,  and  where  the  influence  of  prevailing  winds  and  currents  is  not  directly  on-shore 
they  may  safely  be  tried.  Such  an  outlet  was  constructed  in  1886  at  Santa  Barbara,  Cal.,  in  accordance 
with  my  suggestions.  It  is  about  1,500  feet  long  and  12  inches  in  diameter.  It  is  laid  on  the  floor  of 
the  ocean  and  attached  to  the  piles  of  the  wharf,  to  the  end  of  which  it  runs ;  it  is  flushed  by  a  large 
flush-tank  on  the  bank,  which  discharges  once  a  week  or  oftener.  All  reports  of  the  working  of  this 
outlet  are  satisfactory,  and,  although  the  beach  is  used  for  bathing  and  pleasure-driving  on  both  sides 
of  the  pier,  no  annoyance  is  said  to  have  been  experienced. 

The  pipe  was  jointed  on  the  pier  with  oakum  and  red  lead,  and  the  lengths  of  pipe  were  fastened 
together  with  heavy  windings  of  annealed  wire  carried  around  hooks  riveted  to  the  pipe  for  the 
purpose.  It  was  then  lowered  by  slings,  handled  by  a  sufficient  number  of  men  to  lower  first  one 
.section  of  the  line  and  then  another,  little  by  little,  so  as  not  to  disturb  the  joints.  It  was  lowered 
to  the  bottom  for  its  whole  length  without  accident  of  any  kind.  The  methods  are  due  to  the  skill 
and   ingenuity  of   the  contractor. 

I  was  recently  told  by  the  mayor  of  Santa  Barbara  that  the  water  had  been  shut  off  from  the 
flush-tank  for  a  considerable  time  during  his  absence,  and  that  the  outlet  pipe  was  supposed  to  have 
become  nearly  choked.  The  flush-tank  was  filled  and  its  contents  held  until  extreme  low  water.  The 
discharge  drove  the  mass  of  filth  out  of  the  pipe,  and  the  flushings  were  continued  until  it  had  become 
quite    clear. 
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When  it  is  desirable  so  to  regulate  the  discharge  of  sewage  that  it  shall  flow  only  with  a  certain 
portion  of  the  ebb  tide,  and  when  the  works  are  too  small  to  justify  regular  personal  attention,  auto- 
matic  tidal   gates  may   be   used. 

In  preparing  a  plan  for  the  sewerage  of  Stamford,  Conn.,  it  became  necessary  to  consider  the 
question  of  tidal  outlets.  The  authorities  of  the  town  thought  it  best  to  deliver  the  main  outlet  into 
the  channel  of  the  tidal  harbor  at  a  point  where  it  runs  nearly  empty  at  low  water,  and  more  than  a 
mile   from   the   line  of  deep  water  of  the  Sound   (at   the  low  water  of  spring  tides). 

This  outlet  was  to  be  at  the  end  of  a  long  main  sewer  of  slight  fall  whose  head  was  near  to 
another  channel   from    the   harbor,   \\'hich   would   make  it   easy  to   carry  tidal   water  to  it. 

The  following  extract  from  the  report  submitted  will  explain  the  situation  and  the  treatment 
proposed  : 

1.  A  main  sewer,  3  feet  in  diameter,  built  of  brick,  having  its  lower  end  at  about  the  elevation  of 
low-water   mark  of   neap  tides,  and    having  a  rate  of   fall   of   i   to  2,500. 

2.  At  a  point  near  the  junction  of  Pacific  and  Canal  Streets,  and  connected  with  tide-water  at  the 
head  of  the  canal  by  a  pipe  of  sufficient  capacity,  a  reservoir  which  shall  afford  a  portion  of  the  storage- 
room  required  for  sewage  produced  during  the  higher  stages  of  the  tide.  This  reservoir  will  be  filled 
by  salt  water  at  each  high  tide  nearly  to  the  height  of  high  water  of  neap  tide. 

3.  At  the  point  of  outlet  a  reservoir  which  shall  furnish  the  remainder  of  the  necessary 
storage-capacity  for  sewage,  which  shall  also  be  filled  with  salt  water  from  the  reservoir  at  the  upper 
end  of  the  main  The  outlet  of  this  reservoir  will  be  so  arranged  that  its  contents  shall  be  entirely 
discharged  during  the  ebb  between  half-tide  and  one  foot  above  mean  low  tide.  The  storage-room  for 
sewage  will   include  both   reservoirs  and   the   main    sewer. 

The  operation  of  the  work  will  be  the  following:  The  contents  of  the  two  reservoirs  and  of  the 
main  sewer  having  been  completely  discharged  at  one  foot  above  low  water,  the  outlet  gate  will  be 
closed  and  locked  ;  sewage  flowing  thereafter  will  run  from  the  upper  reservoir  to  the  lower  one,  with 
an  appreciable  current  until  the  depth  at  the  lower  end  of  the  sewer  is  about  two  feet,  which  depth  will 
carry  dead  water  to  its  upper  end.  Then  the  storage-room  of  the  upper  reservoir  begins  to  receive  the 
sewage,  and  the  current  through  the  main  will  be  considerably  reduced.  During  this  time  the  tide  has 
risen  to  its  extreme  height  and  has  fallen  to  about  the  level  of  the  high  water  of  neap  tide  The  valve 
closing  the  channel  leading  from  the  head  of  the  canal  will  then  be  opened  and  salt  water  will  flow  into 
the  upper  reservoir  and  will  flow  copiously  through  the  main  sewer,  carrj-ing  deposited  sewage 
before  it,  until  the  level  of  the  water  in  the  two  reservoirs  is  at  the  desired  point  The  inlet  will 
then  be  closed  and  no  more  salt  water  will  be  received.  The  tide,  continuing  to  fall,  will,  when  it 
reaches  the  level  of  half-tide,  open  the  outlet  valve.  This  will  entirely  empt}'  the  two  reservoirs 
and  the  main  sewer  before  the  gate  is  closed  by  the  falling  of  the  tide  to  i  foot  above  low  water.* 
The  passage  of  the  contents  of  the  upper  reservoir  through  the  main  sewer  will  have  sufficient  velocity 
to    remove  all    deposits. 

The  arrangement  described  is  somewhat  more  complicated  than  would  be  required  were  it  possible 
to  obstruct  the  outlet  of  the  sewers  with  the  full  head  of  high  water,  or  were  it  proper  to  discharge  the 
contents  of  the  reservoirs  and  of  the  main  at  extreme  low  water.  It  has  seemed  to  me  necessary  to 
maintain  a  constant  outlet  at  an  elevation  not  greater  than  that  of  half-tide,  and  to  discharge  the 
sewage  completely  before  low-water  mark  shall  have  been  nearly  reached,  so  that  all  sewage  may  be 
carried  as  far  as  possible  out  of  the  harbor.  The  admission  of  salt  water  at  each  tide  will  have  the 
double  effect  of  giving  a  better  flushing  volume  to  the  flow  through  the  main  and  of  delivering  the 
sewage  at  a  higher  stage  of  the  tide,  or,  in  other  words,  during  a  stronger  outward  current  in  the  harbor, 
than   if  we  depended   only   on   the  head  produced    by  the   sewage  alone.* 

*  See  the  description  of  a  similar  outlet  at   San   Diego,   Cal.,   Chapter  XVI. 


78  SEWERAGE  AND   LAND-DRAINAGE. 

SHONE'S   and    LATHAM'S   SYSTEMS  FOR   LOW   DISTRICTS. 

Mr.  Baldwin  Latham  does  not  give  his  own  name  to  the  system  for  discharging  sewage  from  low 
districts  whicli  he  is  now  advocating  strenuously.  Mr.  Shone,  on  the  other  hand,  is  somewhat  effective 
in  his  manifold  efforts  to  have  "  Shone's  System  "  made  as  familiar  as  a  household  word.  There 
seems  to  be  no  reason  why  Mr.  Latham  should  not  receive  equally  the  credit  that  he  is  so  modest  in 
claiming. 

Both  methods  are  rather  methods  of  pumping  than  systems  of  sewerage,  and  both  in  a  general 
way  seek  the  same  end  by  the  same  means ;  this  end  being  the  automatic  forcing  of  sewage  from 
points  at  which  it  is  accumulated  by  power  transmitted  from  the  central  station.  Both  may  be 
regarded    as   Outlet   Systems. 

Mr.  Shone  uses  an  apparatus,  called  an  "ejector,"  which  is  a  cast-iron  vessel  into  which  sewage 
flows  by  gravity,  and  which  is  connected  with  a  cast-iron  force  main  for  the  further  transportation  of 
the  sewage  by  a  return  bend  or  rising  pipe,  which  preserves  a  hydraulic  seal  at  the  outlet  at  the  bot- 
tom of  the  ejector.  There  is  a  check-valve  to  prevent  a  return  current  in  both  outlet  and  inlet  pipe. 
The  upper  part  of  the  ejector  is  connected  with  an  air-pipe  filled  with  compressed  air  led  from  the 
central  station  The  top  of  the  ejector  is  also  connected  with  the  free  air.  Both  of  these  connections 
are  controlled  by  valves.  The  valves  are  actuated  by  floats.  When  the  sewage  reaches  a  certain 
height  the  exhaust  port  is  closed  and  the  compressed-air  port  is  opened.  The  pressure,  applied  in  the 
form  of  an  air  piston  to  the  surface  of  the  sewage,  drives  it  out  into  the  force  main.  When  it  has 
fallen  to  a  certain  point  the  ports  are  reversed,  the  air  pressure  is  relieved  through  the  exhaust  port, 
as  is  the  air  remaining,  when  displaced  by  the  incoming  sewage.  The  ejectors  are  placed  in  under- 
ground chambers  so  that  access  may  easily  be  had  to  their  working  parts.  They  are  preferably  set  in 
pairs,  two  ejectors  at  each  station.  These  ejectors  may  be  stationed  at  frequent  intervals,  so  that  in 
flat  land  a  cleansing  grade  can  be  given  to  the  gravity  sewers,  and  they  may  be  connected  with  a  net- 
work of  force  mains  all  leading  to  one  main  outlet  at  any  distance  or  at  any  elevation  desired  ;  it  be- 
ing only  a   question    of  the   degree   to    which   the  air  is   to  be  compressed. 

The  ejector  has  the  great  advantage  that  it  receives  sewage  without  screening,  and  is  in  practice 
apparently  very  successful  in  disposing  of  the  various  impedimenta  by  which  sewage  is  ordinarily 
accompanied.  This,  which  would  seem  theoretically  to  be  the  weak  point  of  the  process,  evidently 
causes  no  serious  difficulty. 

Mr.  Latham's  system  relates  to  the  removal  of  sewage  from  similar  places.  Local  stations  are 
connected  likewise  with  iron  force  mains,  the  sewage  being  forced  onward  by  pumps  operated  by 
water  under  very  heavy  pressure.  Even  700  pounds  per  .square  inch  has  been  proposed.  The  piston 
by  which  the  pump  is  driven  is  actuated  by  the  pressure  of  water  as  the  piston  of  a  steam-engine  is 
by  the  pressure  of  steam. 

The  pump  used  is  Donaldson's,  manufactured  by  the  Pulsomcter  Engine  Company.  The  small 
working  cylinder  is  directly  over  the  large  sewage  cylinder,  and  the  two  pistons  are  attached  to  the 
same  rod.  The  machines  are  set  in  pairs.  The  following  is  the  manufacturers'  description  of  the 
apparatus  : 

"  The  sewage  flows  by  gravitation  direct  into  the  pump  barrel  and  assists  by  its  pressure  on  the 
under  side  to  raise  the  pump  piston  to  its  highest  position,  the  rest  of  the  work  being  done  by  balance- 
weights.  When  in  its  highest  position  certain  ports  and  passages  in  the  plunger  are  put  in  commu- 
nication with  the  valve  cylinder  in  such  a  way  as  to  introduce  high-pressure  water  to  one  end  of 
the  valve  cylinder  and  open  the  exhaust  port  to  the  other.  The  valve  is  then  moved  into  such  a 
position  that  the  high-pressure  water  is  admitted  into  the  working  cylinder,  and  the  pump  piston 
is  forced  into    its   lowest  position.      In  this  position  another   set    of   passages    in    the   plunger   puts   the 
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opposite  ends  of  the  valve  cylinder  in  communication  with  the  high-pressure  water  and  the  exhaust 
ports  respectively,  and  the  valve  is  moved  so  as  to  open  a  communication  between  the  exhaust  port 
and  the  working  cylinder,  and  the  pump  again  begins  to  fill.  At  least  two  pumps  will  be  used  at 
each  station,  and  the  connection  with  the  sewer  will  be  made  in  such  a  way  that  one  pump  will  be 
filling  whilst  the  other  is  being  emptied.  Tlie  floiv  from  the  sewer  to  the  pump  ivill  therefore  never  be 
interrupted.  In  this  respect  the  mode  of  action  is  precisely  on  all-fours  with  that  of  Shone's  Ejector. 
In  neither  case  will  there  be  any  storage  of  sewage." 

"  The  diameter  of  a  pipe  to  convey  watei  at  a  pressure  of  /OO  pounds  to  the  square  inch,  suffi- 
cient to  raise  3,000,000  gallons  of  sewage  in    14  hours  70  feet  high,  need  not  exceed   5   inches." 

Mr.  Latham  has  adopted  this  pump  for  sewerage  works  now  in  construction,  and  the  high 
authority  of  his  name  must  lead  to  its  very  favorable  consideration. 

Any  attempt  made  to  determine  the  comparative  merits  of  these  two  methods,  and  especially  to 
decide  as  to  the  relative  economy  of  the  transmission  of  power  by  compressed  air  or  by  water 
under  heavy  pressure,  would  probably  be  fruitless  in  view  of  the  very  acrimonious  rivalry  existing 
between  the  advocates  of  each. 

There  has  recently  been  published  a  collection  of  communications  to  the  editor  of  Iron,  who  gave 
both  sides  a  fair  hearing  and  a  very  free  field.  The  reading  of  the  pamphlet  by  no  means  serves  to 
remove  doubts  concerning  either  or  both  of  the  methods  which  are  its  subject.  On  no  single  point 
do  authorities  seem  to  agree  as  to  the  theoretical  aspects  of  the  case.  No  substantial  reason  is  shown 
why  Mr.  Latham's  system  may  not  be  as  successful  as  he  considers  it  to  be,  and  it  is  very  clear  that 
Mr.  Shone's  system,  wherever  it  has  been  properly  applied,  has  been  eminently  satisfactory^  unless,  per- 
haps, in  the  loss  of  power  incident  to  the  compression  of  air  and  to  the  transmission  of  compressed 
air  through  long  pipes.  That  it  is  economical,  either  in  construction  or  in  operation,  is  not  entirely 
clear.  That  it  accomplishes  its  purpose  in  a  manner  satisfactory  to  town  authorities  is  evident  by 
their  endorsement  of  it.  The  ejectors  working  at  the  House  of  Parliament  seem  to  be  doing  excellent 
service. 

The  cases  in  which  either  of  these  systems  would  be  as  economical,  or  on  the  whole  as  good,  as 
the  conveyance  of  sewage  to  a  central  pumping  station  arc  probably  not  very   numerous. 
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THE  PRELIMINARY  WORK  OF  THE  ENGINEER. 


77T|  ITH  the  moulding  of  public  opinion  necessary  to  secure  the  appropriation  required  for  sewer. 
^*^-~  age  the  engineer  has  little  to  do.  This  is  the  work  of  the  sanitarian,  and  the  work  of  the 
sanitarian  is  often  ineffective  until  the  time  comes  to  give  practical  shape  to  vague  apprehensions  or 
half-formed  convictions  resulting  from  unnecessary  death,  or  from  an  epidem.ic  development  of  painful 
and  dangerous  diseases. 

After  this  difficult  preliminary  work  of  converting  the  public  and  the  public  authorities  of  a  town 
to  a  realization  of  the  need  for  sewerage  has  been  done,  the  technical  services  of  the  engineer  are  de- 
manded. Before  this  result  has  been  accomplished,  however,  he  will,  if  an  intelligent  man  with  firm 
convictions  and  fair  address,  have  been  of  great  service  to  those  members  of  the  community  who  have 
undertaken  to  promote  the  improvement.  Conclusive  action  will  hardly  in  any  case  be  taken  until 
an  engineer  shall  have  demonstrated  to  the  satisfaction  of  the  leaders  of  the  community  that  the  work 
is  not  only  necessary  but  feasible,  and  that  it  can  best  be  accomplished  in  a  certain  general  way 
Technical  instruction  cannot,  of  course,  be  given  for  the  management  of  this  more  delicate  part  of  the 
business.  It  suffices  to  say  that  its  success  will  depend  largely  on  a  thorough  familiarity  with  prin 
ciples  and  practice,  and  especial!}-  on  an  ability  to  meet  with  convincing  argument  the  often  absurd 
suggestions  of  those  who  know  little  of  the  subject,  or,  still  worse,  of  those  who  know  nothing  what- 
ever about  it,  but  who  attempt  to  solve  the  problem  on  the  general  principles  of  "  Common  Sense." 
The  engineer  should  at  the  outset  endeavor  to  divest  himself  of  all  preconceptions  and  to  look  at  his 
town  as  though  it  must  be  drained  differently  from  any  other  town  he  ever  heard  of ;  he  should  seek 
original  means  of  solving  the  problems  before  him,  and  he  should  discard  these  only  when  he  has 
convinced  himself — as  he  almost  always  will — that  they  have  no  advantage  over  old  methods.  It  is 
only  in  this  way  that  he  can  assure  himself  that  he  is  right  and  is  not  overlooking  a  possible  improve- 
ment ;    but  he  should  beware  of  cherishing  a  new-found  fancy  that  will  not  stand  the  test  of  trial. 

The  work  having  been  ordered  and  a  reasonable  appropriation  having  been  made  for  a  careful 
preliminary  survey,  the  engineer  should  familiarize  himself  by  his  own  observation,  or  by  the  observa- 
tion of  a  thoroughl}'  trained  and  trusted  assistant,  with  every  natural  or  artificial  condition  that  can 
have  a  bearing  on  the  economy,  completeness,  or  efficiency  of  the  work. 

Experience  has  made  it  very  clear  that  in  few  towns  will  it  be  safe  to  base  actual  work  on  the 
figures  or  information  given  by  the  engineering  department  of  the  city,  unless  secured  with  an  espe- 
cial view  to  sewerage.  A  contour  map,  or  profiles  of  streets,  or  levels  taken  with  a  view  to  the  con- 
struction of  these,  will  do  very  well  (and  is  often  the  onlj'  reliance)  for  a  preliminary  project,  but, 
especially  with  reference  to  parts  of  a  town  that  are  nearly  le\'el,  all  controlling  points  should  generally 
be  levelled  anew,  and  the  final  working  plan  should  be  based,  so  far  as  its  controlling  elements  are 
concerned,  only  on  absolute  knowledge  gained  with  this  precise  end  in  view. 

Existing  sewers,  water-pipes,  and  gas-pipes  had  better  in  all  cases  be  thoroughly  located  by  a 
survey  involving  a  good  deal  of   test-pit  digging.     The  water  department  is  generally  ready  to    tell    us 
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exactly  where  its  pipes  arc,  what  arc  tlicir  sizes,  and  at  what  dcptlis  tlicy  arc  laid.  Not  infrequently 
is  a  complete  plan  at  least  of  location  available:  seldom,  however,  arc  such  plans  and  information 
more  than  generally  correct.  Tlu)-  arc  u.suall)-  the  plans  on  which  the  work  has  been  laid  out  and 
ordered  to  be  constructed.  This  when  executed  is  often  modified,  and  sometimes  radically  changed, 
by   the   superintendent:    c."  constructi(jn,  without  very  close   reference   to   office   plans  and  with    no   record 

of  changes  made. 

The  gas  company  can  usually  give  even  less  .satisfactory  information,  often  nothing  more  than 
that  there  are  pipes  in  ruchr.nd:  ich  streets,  that  they  are  of  certain  sizes,  and  that  they  are  laid  near 
to  one  side  of  the  street  cr  the  other-  in  a  [General  way,  so  many  feet    from  the  curb.stone. 

Still  more  perplexing  are  existing  sewers.  Some  of  these  are  modern  and  some  are  very  old. 
They  have  been  made  of  pipe,  of  stone,  of  brick,  of  wood,  or  of  cement,  as  the  case  may  be.  They 
have  been  ordered  to  be  built  often  according  to'  certain  plans,  which  plans  have  been  modified  by 
resolution  of  councils  vvhcnever  a  sewer  has  been  ordered  to  be  constructed.  Sometimes  they  have 
been  carefully  planned  and  superintended,  and  at  other  times  in  the  same  town  their  construction  has 
been  left  substantially  to  the  contractor  or  to  some  citizen  especially  interested  in  having  a  particular 
sewer  built  in  a  manner  to  suit  himself. 

Cases  are  not  rare  in  which  very  full  and  precise  information  concerning  all  of  these  underground 
works  is  presented,  and  presented  with  such  completeness  of  drawing  and  description  as  to  seem 
entirely  trustworthy.  The  carrying  out  of  the  complete  new  system  of  sewerage  rarely  fails  to  be 
interrupted  and  modified  by  reason  of  the  misinformation  contained  in  these  promising  records.  In 
nearly  every  case  the  changes  required  in  lines  and  in  grade,  to  avoid  water-pipes  or  gaspipes,  or  to 
move  these  to  obviate  modifications  of  grade  or  alignment  in  the  sewers,  or  to  conform  to  the  require- 
ments of  an  old  stone  or  wooden  drain,  cost  ten  times  as  much  as  would  a  thorough  examination  of 
the  whole  subject,  made  with  especial  reference  to  the  arrangement  of  the  sewer  plan.  It  is  much 
cheaper  to  do  and  to  undo  work  on  paper  than  in  the  ground,  and,  so  far  as  the  expense  of  these 
details  of  the  preliminary  survey  is  concerned,  it  may  safely  be  assumed  that,  taking  one  case  ^\■ith 
another,  it  saves  many  times  its  cost. 

Another  important  subject  of  investigation,  more  important  in  many  cases  than  all  the  above 
details,  is  the  survey  of  rock  and  of  sub-soil. 

Sounding  for  the  profile  of  rock  w  ithin  range  of  the  drainage  is  easy  and  simple,  and  it  is  economi- 
cal in  proportion  to  its  thoroughness.  Where  quicksand  exists,  or  is  suspected,  every  dollar  spent  in 
searching  for  it  may  represent  a  great  many  dollars  saved  in  work,  or  provided  for  in  the  original 
estimates.  No  other  element  of  the  work  is  so  treacherous,  nor  so  fatal  to  the  accuracy  of  estimates. 
Those  who  are  familiar  with  the  cellar-digging,  the  water-pipe  laying,  and  the  gas-pipe  laying  in  a 
town  will  often  assert  and  firml)-  believe  that  there  is  no  quicksand  at  all  to  be  encountered.  To 
the  depth  to  which  their  work  has  been  carried  there  is  none  ;  but  often  slightl)'  below  that  level 
everything  is  soluble  and,  on  the  trench  being  opened,  everything  is  afloat. 

The  contractor  may  be  willing  to  speculate  in  this  matter,  and  his  experience  and  his  abilitj-  to 
get  information  from  sources  not  available  to  a  foreign  engineer  may  lielp  him  to  a  safe  speculation  ; 
but  the  engineer  and  the  town  authorities  should,  if  possible,  avoid  all  chance  of  speculation.  The}- 
should  know  clearly  whether  or  not  there  is  quicksand  to  be  encountered  in  any  part  of  the  area, 
what  is  its  amount  and  what  is  its  character,  for  when  it  exists  to  a  serious  extent  it  has  more 
than  anything  else  to  do  with  the  cost  of  the  worl;,  and  ^^•ith  its  .satisfactory  performance  as  well.  No 
reliable  final  opinion  can  be  formed  \ty  boring  rir  b}-  water-jet  sounding.  Where  the  existence  of  a 
wet,  running  sand  or  a  liver  clay  or  micaceous  silt  is  reasonabl}'  suspected,  it  should  be  investigated 
by  the  actual  digging  of  a  pit  right  into  it  to  a  greater  depth  than  will  be  required  fcjr  the  con- 
struction   of  the  sewer.      The  digging   of   such  test-pits  will  sometimes  lead    to    change    in    the    arrange- 
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ment  of  a  whole  system  of  sewers,  carrying  the  main  much  more  deeply  through  hard  ground  and 
placing  laterals  laid  at  a  higher  grade  where  surface  indications  would  suggest  the  placing  of  the 
main  line,  but  where  subterranean  conditions  forbid  its  construction, 

The  level  should  be  taken  of  the  floor  of  every  cellar  that  is  ever  wet  under  any  circumstances, 
and,  if  not  well  above  the  proposed  level  of  the  sewer,  it  should  be  recorded  on  the  map.  Of  course, 
in  dry  gravels  and  elsewhere  where  the  ground-water  is  always  far  below  the  level  of  the  cellar,  it  is 
of  no  consequence,  so  far  as  the  cellars  are  concerned,  whether  they  are  deeper  than  the  street 
sewer  or  not.  This  statement  is  made  with  due  consideration  of  the  fact  that  it  is  often  considered 
desirable  to  place  water-closets  and  kitchen  sinks  in  deep  cellars.  This  practice  should  be  discouraged, 
if  not  prohibited  by  the  sanitary  authorities  of  the  town.  It  is  not  exacting  too  much,  in  the  interest 
of  private  and  public  health,  to  require  that  all  such  sources  of  foul  sewage  be  kept,  wherever  possible, 
above  the  surface  of  the  ground,  certainly  not  lower  than  the  floor  of  a  shallow  basement,  always 
higher  than  any  probable  grade  of  a  sewer  adjoining. 

Having  obtained  correct  controlling  levels  and  approximate  intermediate  ones,  with  a  map 
showing  correctly  the  location,  size,  and.  depth  of  every  water-pipe,  gas-pipe,  and  sewer,  and  with 
accurate  data  as  to  obstacles  to  be  overcome  in  excavation,  whether  rock  or  quicksand,  the  next 
step  should  be  to  consider  points  of    outlet — one  or  more,  and  whether  one  or  more. 

The  selection  of  an  outlet,  where  alternative  points  are  available,  involves  very  full  knowledge  and 
very  sound  judgment  as  to  the  whole  subject  of  sewer  alignment  and  sewage  disposal. 

In  inland  towns,  and  often  in  others,  we  have  to  consider  some  artificial  method  of  disposal.  For 
low-lying  towns  we  have  to  consider  the  question  of  pumping.  For  towns  on  the  sea-shore  there  are 
questions  of  tidal  rise  and  fall,  tidal  currents,  the  influence  of  winds,  and  the  character  of  the  shore. 
In  towns  on  rivers  the  influence  of  floods,  of  low  stages  of  water,  of  currents  at  different  stages,  and 
the  character  of  riparian  population  within  a  reasonable  distance,  and  the  possibility  of  affecting  the 
interests  of  those  depending  on  the   stream    for   their   water-supply,  must  all   be  duly  weighed. 

In  many  of  these  things  we  have  to  consider  not  only,  often  not  chiefly,  what  are  the  facts  and 
the  scientific  deductions  from  them  which  ought  to  control  the  work,  but  also  what  are  the  popular 
prejudices  and  notions  and  what  the  private  interests  to  be  subserved  or  injured.  In  the  execution  of 
public   work  these   conditions  not  seldom   have   a   controlling  influence. 

The  ne.xt  point  is  one  which  must  be  determined  at  a  venture.  The  most  that  can  be  done  is  to 
work  according  to  the  sum  of  probabilities.  It  relates  to  the  future  growth  of  the  town — not  only  how 
great  this  is  likely  to  be  within  a  given  time,  but  how  its  density  is  to  fall;  whether  future  growth  will 
follow  the  movement  of  past  growth,  or  take  a  new  direction  ;  whether  proposed  industries  or  proba- 
bilities of  any  sort  indicate  a  material  change  in  the  character  and  location  of  future  dense  portions  of 
the  community;  whether  the  increasing  manufactures  of  the  town  are  to  be  located  here  or  there,  and 
are  likely  to   produce  much    or  little  addition   to  the  volume   of   sewage   to   be   removed. 

It  is  often  difficult  to  arrive  at  a  satisfactory  conclusion  on  these  points,  but  they  should  be 
studied  closely,  not  only  in  thj  interest  of  the  town  but  in  the  interest  of  the  engineer  himself.  He 
cannot  now  foresee  with  accuracy  one  of  these  things,  but  as  they  arise  in  future  the  fact  that  he  has 
not    foreseen    them   is  quite    likely   to  be  brought    up  to   his  disadvantage. 

Having  determined  tlie  question  of  outlet  and  having  secured  the  acceptance  of  his  determina- 
tion by  the  authorities,  so  far  as  a  committee  serving  for  a  limited  time  can  control  future  official 
action,  the  rest  of  the  scheme  becomes  largely  a  matter  of  ofifice-work.  In  nearly  all  cases  it  can  be 
worked  out  more  exactly  and  in  a  more  satisfactory  way  with  carefully  constructed  contours  than 
with  a  general  observation  of  conditions  on  the  ground.  There  are  almost  always  several  ways  in 
which  the  .system  may  be  broken  up  into  branches  and  laterals,  and  no  rule  can  be  laid  down 
according   to  which  one  method    is   to    be  selected    rather   than  another.     It  is  in    this    part  of  the  work 
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especially    that    experience,    judgment,    and    natural    aptitude    for    seeing-  all    bearings    of   a    question    are 
important.     Two   points  should   be   kept  constantly   in   view : 

1.  Tile    quickest,  most    direct,   and    most    complete   removal   of   all    wastes. 

2.  The  accomplishment  of  this   end   in   the   most    economical  way. 

These  two  points  cannot  always  be  secured  each  in  its  completeness.  Where  they  cannot  be, 
economy  should,  within  reasonable  limits,  give  way.  In  some  cases  it  is  best  to  break  the  main 
sewer  into  a  number  of  sub-mains  with  short  laterals,  and  in  some  to  restrict  the  number  of  sub- 
mains  as  much  as  possible  and  carry  long  laterals  directly  to  the  main.  Study  given  to  the  proper 
adjustment  of  depth  to  inclination,  so  as  to  a.void  very  deep  cuts  and  at  the  same  time  to  avoid  flat 
grades,  will  generally  be   well  repaid. 

The  general  scheme  being  determined  and  being  provisionally  laid  down  on  the  map,  and  the 
sizes  of  ail  the  sewers  being  fixed,  test-profiles  of  all  the  lines  save  single  branches  should  be  made, 
with  a  view  not  only  to  regulating  their  connection  with  each  other  but  also  to  bringing  them  into 
proper  relation  with  existing  subterranean  works.  It-  will  often  be  found  that  a  well-organized  scheme 
closely  adjusted  to  the  requirements  of  slight  falls  will  come  into  collision  in  a  serious  way  with  water- 
pipes  and  gas-pipes  either  so  far  as  the  sewers  themselves  are  concerned  or  with  reference  to  connec- 
tions   of    house-drains   with    them. 

In  these  details  quite  as  much  as  in  the  preliminary  work  indicated  above  it  will  be  far  cheaper 
to  correct  errors  on  paper  than  in  actual  work,  and  when  the  plan  is  finally  handed  in  it  should  be  so 
secured  at  every  point  against  the  need  for  change  of  any  kind  as  to  make  it  reasonably  certain  that 
estimates  based  upon  it  will  stand  the  test  of  execution,  and  that  no  long  bill  for  extras  will  be  brought 
in   by  the  contractor. 

Very  few  sewerage  plans  are  made  with  the  thorough  preparatory  work  here  suggested,  and  few 
towns  are  willing  to  pay  an  engineer  for  the  time  and  expense  required  for  such  plans.  It  is  largely 
in  ignorance  of  the  value  of  this  requirement,  or  with  a  wilful  determination  to  neglect  it,  that  inex- 
perienced or  needy  men  offer  to  prepare  sewerage  schemes  for  inadequate  compensation.  Whether 
or  not  an  engineer  seeking  such  work  is  to  adopt  one  course  or  the  other,  he  must  determine  for  him- 
self. Considering  the  view  taken  by  the  authorities  of  some  towns  as  to  the  compensation  of  profes- 
sional men,  he  will  perhaps  be  justified,  if  he  thinks  it  necessary  to  the  securing  of  employment,  in 
basing  his  charge  on  incomplete  work  and  trusting  to  future  employment  for  his  real  compensation. 
Such  a  course  will  in  the  end  surely  be  the  most  costly  for  the  town,  but  it  may  well  be  doubted 
whether  or  not  it  is  the  duty  of  an  engineer  seeking  work  to  sacrifice  his  own  interests  to  the  mistaken 
economy  of    his    employers. 

A  complete  presentation  of  a  scheme  of  sewerage  should  comprise,  with  some  variations  according 
to  different  circumstances,  the  following: 

1.  A  map  of  the  town  showing  all  roads,  streets,  and  alleys,  location  of  all  water-pipes  in  one 
color  and  all  gas-pipes  in  another,  and  of  all  existing  sewers  and  drains  which  are  to  form  a  part  of 
the  plan  to  be  constructed  or  which  are  to  be  superseded.  There  should  also  be  shown  all  natural 
water-courses,  and  the  controlling  topography  of  the  country  as  far  as  the  various  points  of  outlet 
selected  or  referred  to  in  the  discussion  are  concerned.  Upon  these  should  be  laid  down  in  heavy 
lines  of  strong  color  the  whole  system  of  sewers  proposed,  with  all  of  their  appurtenances,  such  as 
flush-tanks,  man-holes,  lamp-holes,  inspection-pipes,  flushing-chambers,  inlet  basins  with  their  connection 
pipes,  intercepting  connections,  and  storm-overflows. 

2.  A  series  of  profiles  showing  the  exact  grade  of  the  invert  of  every  sewer  of  the  system,  and  of 
large  sewers  the  top  line  as  well  ;  also  the  line  of  the  surface  as  shown  by  the  preliminary  levels  and 
the  e.xact  elevation  of  every  water  or  gas  pipe  or  existing  drain  crossing  or  !)-ing  near  to  the  sewer, 
with  the  vertical   measurement   of  such  of   these   as  come  near    to    the  proposed  sewer   above   or   below. 
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Tlie  profile  of  the  sewers  should  indicate  the  location  of  all  man-holes  and  other  appurtenances  ;  also 
each  change  of  grade,  with  an  indication  of  the  rate  of  fall  of  every  part  of  each  sewer.  The  profiles 
should  also  indicate  the  character  of  the  ground,  if  difficult,  wherever,  known,  and  especially  where 
boring  has  indicated  the  presence  of  rock  or  quicksand,  so  that  all  certain  or  probable  obstacles  to 
easy  work   may   be   shown    in   such   manner  as  to  be  easily  understood  by  bidders  on  the  work. 

3.  Large  scale  drawings  illustrating  the  exact  construction  of  ail  such  details  as  cannot  be  per- 
fectly and  sufficiently  described  in  the  specifications.  This  is  especially  important  with  reference  to 
interception  works,  overflow  weirs,  curved  junctions,  cut-stone  work,  etc. 

4.  A  report  on  the  work,  giving  more  or  less  completely,  according  to  the  requirements  of  the 
case,  the  reasons  for  the  adoption  of  any  particular  system  and  of  any  unusual  modifications  that  the 
locality  seems  to  make  necessary.  It  is  usual  in  this  connection  to  argue  in  favor  of  the  construction 
of  any  system  of  sewers,  but  it  would  seem  that,  such  arguments  being  already  available  in  so  many 
forms,  this  is  hardly  necessary,  and,  indeed,  the  natural  inference  to  be  drawn  from  the  employment  of 
an  engineer  for  the  work  would  be  that  the  need  for  the  improvement  is  already  appreciated. 

The  questions  of  outlet,  disposal,  and  alignment  require  much  more  careful  discussion. 

During  the  early  stages  of  the  movement  for  sewers  there  is  sure  to  have  been  a  good  deal  of 
shrewd  discussion  and  careful  consideration  as  to  where  main  sewers  should  be  run,  where  the  out- 
let should  be,  and  whether  or  not  artificial  disposal  is  called  for.  It  is  not  unlikely  that,  in  the  absence 
of  expert  knowledge  on  the  subject,  conclusions  drawn  from  these  studies  and  investigations  are 
erroneous.  At  the  same  time  they  are  apt  to  be  firmly  fixed  in  the  minds  of  those  who  have  drawn 
them  and  to  have  their  adherents  and  opposers  in  the  community.  These  conditions  should  be  kept 
clearly  in  mind.  It  is  not  enough  that  the  engineer  is  satisfied  that  what  he  has  proposed  is  best, 
nor  is  he  to  consider  himself  entirely  as  the  final  authority  on  the  subject.  The  object  of  his  report 
should  be  not  only  to  secure  the  concurrence  of  those  who  have  already  reached  his  conclusions, 
whose  advice  has  often  had  much  to  do  with  his  own  decision,  but  to  leave  no  question  in  the 
minds  of  those  who  hold  a  diametrically  opposite  opinion.  Completeness  of  universal  concurrence 
concerning  all  of  the  essential  features  of  the  plan  submitted  will  be  of  more  value  than  anything 
else  in  securing  the  appropriations  necessary  for  the  execution  of  the  work;  viewed  from  the  engineer's 
standpoint  especially,  nothing  will  be  so  likely  to  insure  his  own  profitable  future  connection  with 
the  work  as  his  success  in  convincing  the  whole  community  that  he  has  hit  upon  the  right  plan  and 
has  shown  his  ability  to  direct  the  construction  of  its  details. 

Universal  approval  and  concurrence,  of  course,  he  will  not  get.  There  are  always  tortuous  minds, 
in  greater  or  less  number,  whose  voices  are  always  loud  and  whose  influence  is  not  always  insignifi- 
cant. ■  All  that  can  be  hoped  for  in  connection  with  these  persons  is  that  they  shall  be  left  with  no 
justification   for  their  opposition. 

5.  Specifications  for  the  work.  Concerning  these  perhaps  the  soundest  advice  that  can  be  given 
is  that  no  attempt  be  made  to  make  them  original.  The  general  form  of  sewer  specifications  used  by 
the  better  engineers  of  cities  throughout  the  country  are  the  result  of  long  experience  and  of  constant 
borrowing  and  consolidation.  They  are  by  no  means  perfect,  nor  will  they  ever  be  perfect ;  but  improve- 
ments are  constantly  being  made  in  them,  and  these  improvements  are  being  adopted  into  all  forms 
as  fast  as  they  are  made  known. 

6.  An  estimate  should  be  made  in  detail,  giving  the  assumed  cost  of  the  construction  of  sewers  of 
different  sizes,  and,  especially  where  the  ground  is  not  uniform,  at  different  depths.  Sometimes  it  will 
be  most  satisfactory  to  give  the  cost  of  the  sewer  in  each  street  or  in  each  part  of  a  street  where  the 
size  changes  or  where  the  depth  is  materially  increased  or  diminished.  The  estimate  should  be  a  close 
one,  based  on  known  prices  of  material  and  labor,  and  with  a  full  appreciation  of  the  possibilities  of 
the  "  discount  "  system  among  pipe-makers.     While  it  ought  at  no  point  to  be  lower  than  the  probable 
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cost  of  first-rate  work,  it  should  nowhere  be  much  higher.  All  the  items  having  been  footed  up,  the 
sum  total  of  the  cost  should  be  increased  by  five,  ten,  or  fifteen  per  cent.,  according  to  the  intricacy 
of  the  work  and  the  dif^culty  of  making  exact  calculations.  To  the  gross  sum  thus  obtained  there 
should  be  added  even  for  simple  work  not  less  than  eight  per  cent.,  ordinarily  not  less  than  ten,  and 
for  the  separate  system  not  less  than  fifteen  per  cent,  for  engineering,  supervision,  and  inspection.  If 
any  portion  of  the  work  is  covered  by  patents  the  amount  of  royalty  should  be  added  ;  this,  of  course, 
after  the  addition  of  percentages. 


CHAPTER   IX. 

SUGGESTIONS  FOR  SEWERAGE  COMMITTEES. 

IF  after  a  certain  amount  of  tentative  discussion  and  local  agitation  of  the  sewerage  question  it 
assumes  a  practical  form,  then,  if  not  earlier,  the  local  authorities  necessarily  take  charge  of 
the  enterprise.  The  preparation  of  plans  and  the  arrangement  of  all  details  are  entrusted  to  a 
special  or  standing  committee,  upon  whom  there  is  suddenly  imposed  a  duty  for  which,  as  a  rule, 
they  have  had  no  previous  .preparation,  and  in  devising  means  for  the  performance  of  which  they  are 
apt  to  be  very  much  at  sea. 

The  sewerage  of  a  town  belongs  to  a  special  branch  of  engineering  in  which  great  progress  has 
been  and  is  being  made.  The  field  of  the  engineering  profession  now  reaches  over  such  a  vast 
extent  that  here,  as  in  the  medical  profession,  the  work  is  becoming  more  and  more  divided  into 
specialties.  All  engineers  of  even  ordinary  attainments  have  certain  fundamental,  practical,  or  theo- 
retical knowledge  concerning  all  branches  of  engineering.  No  engineer  in  general  practice,  probably, 
knows  so  much  about  any  one  of  the  departments  of  his  profession  as  do  those  whose  entire  effort 
and  training  are  confined  to  the  different  specialties. 

While  the  building  of  a  railroad,  the  construction  of  a  water-supply,  the  bridging  of  a  great  river, 
and  the  building  of  docks  are  all  controlled  in  a  general  way  by  principles  with  which  all '  engineers 
should  be  familiar,  the  chances  are  that  a  railroad  engineer  will  build  and  equip  the  best  road,  a 
hydraulic  engineer  the  best  water-supply,  a  bridge  engineer  the  best  bridge,  and  an  engineer  trained 
in  riparian  work  the  best  dock.  The  four  well-trained  experts  would  secure  a  better  general  result 
in  the  four  fields  than  would  the  best  "  all-around "  engineer  if  he  were  charged  with  the  four  dis- 
tinct and  widely  different  duties. 

The  same  applies  in  large  degree  to  sewerage.  Not  that  there  are  often  difificulties  in  the  con- 
struction of  these  works  at  all  comparable  with  those  connected  with  the  instances  above  referred  to, 
but  because   a   good  deal   else   than    engineering  knowledge  and    experience  are   called    into  requisition. 

To  a  degree  that  is  not  often  realized,  considerations  which  sometimes  have  nothing  to  do  with 
the  mere  construction  of  the  sewers  are  of  paramount  importance  from  the  point  of  view  of  the  public 
health  interests.  The  sewerage  engineer  should,  of  course,  be  a  competent,  skilful,  and  well-trained 
engineer  of  construction,  but  he  should  also  be  much  more  than  this.  He  should  have  such  a  fami- 
liarity with  the  latest  researches  of  physician,  chemist,  microscopist,  and  biologist,  and  with  the 
relation  that  these  specialists  have  shown  refuse  organic  matter  to  hold  to  the  health  and  the  life  of 
human  beings,  as  to  be  sure  that  his  works,  however  skilfully  constructed  and  however  completely 
they  may  perform  the  mechanical  operation  for  which  they  are  intended,  are  at  the  same  time  so 
arranged,  regulated,  and  controlled  as  to  bring  them  into  the  closest  practical  conformit}'  with  the 
requirements  of  the  most  modern  phases  of  sanitary  science. 

Ordinarily  it  seems  to  be  assumed  that  if  an  engineer  in  good  standing  is  elected  by  the  Council 
to  the  office  of  City  Engineer,  that  constitutes  him  an  expert  in  all  branches  of  city  engineering. 
Much  work  is  done  by  city  engineers  who  are  without  special  qualification  in  these  matters,  and  it  is 
not  all  of  it  well  done. 
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A  recent  case  is  in  point :  I  was  called  in  consultation  by  the  sewerage  committee  of  a  small  town 
which  had  recently  offered  a  prize  of  $250  for  the  best  plan  of  sewerage  adapted  to  the  local  condi- 
tions. Three  plans  had  been  submitted,  one  by  the  city  engineer,  one  by  a  local  surveyor,  and  one  by 
an  ingenious  amateur.  The  council  found  itself  confronted  with  the  duty  of  determining  whether 
these  plans,  or  any  of  them,  were  suited  for  the  work  to  be  done,  and  if  so,  which  of  them  was  the 
best.  They  then  realized  their  incapacity  to  deal  with  the  question.  They  knew  no  more  about 
what  was  necessary  for  the  sewerage  of  their  town  than  they  would  have  known  about  the  construc- 
tion of  a  dynamo  for  its  electric  lighting;  their  own  engineer  was  a  competitor,  and  they  therefore  had 
no  one  to  aid  them  in  making  a  decision  which  should  be  at  once  fair  to  the  competitors  and  just 
to  the  city.  Had  the  city  engineer  not  been  an  interested  party  the  committee  might  have  been 
relieved  of  responsibility ;  but,  while  his  plan  was  in  many  respects  a  good  one,  it  did  not  indicate  com- 
plete knowledge  on  the  subject.  Without  such  knowledge  no  one  should  undertake  to  tamper  with 
so  delicate  a  matter,  and  one  fraught  with  such  possibilities  for  mischief,  as  the  establishment  of  a 
plan  of  sewerage. 

It  is  an  inevitable  deduction  from  the  above  that  after  the  project  for  sewerage  has  assumed  a 
definite  form  the  committee  should  seek  the  best  instruction  available  as  to  the  details  of  the  scheme. 
Their  local  knowledge,  their  practical  skill  and  attainments,  and  their  extensive  readincr  on  seweraee 
matters  will  all  be  a  great  aid  to  them  and  will  greatly  increase  the  value  of  their  services  to  their 
community ;  but,  however  efficient  they  may  have  become  in  this  regard,  it  would  certainly  be  wise 
and  a  wise  economy,  to  consult  some  engineer  who  has  made  the  sewerage  of  towns  a  subject  of 
'   special  study   and  practice. 

The  committee  may,  and  often  will,  control  the  ideas  of  the  expert  to  a  greater  deo-ree  than  the 
expert  will  control  those  of  the  committee,  but  he  has  the  advantage  of  a  knowledge  of  certain  fixed 
rules  and  principles,  and  a  prevision  of  effects  certain  to  follow  given  causes,  which  render  his  services 
practically  indispensable. 

The  Sewerage  Committee  is  sometimes  reinforced  by  members  of  a  citizens'  oro-anization  and 
there  may  be  among  these  doctors,  contractors,  builders,  mechanics,  and  business  men  who  in  their 
own  affairs  are  expert,  practical,  and  successful.  The  first  impulse  of  the  majority  of  this  body 
will  be  to  determine  the  question  now  submitted  on  the  basis  of  "  Common  Sense."  The  doctor 
would  laugh  at  the  suggestion  that  diseases  should  be  treated  by  common  sense,  or  the  builder  that 
a  house  should  be  built  by  common  sense,  or  the  merchant  that  his  business  could  be  successfully 
managed  by  common  sense.  All  would  understand  at  once  that,  in  their  own  callings,  special  train- 
ing and  knowledge  are  required  for  the  best  success.  They  will  at  once  accept  the  suo-gestion  that 
these  same  conditions  exist  in  connection  with  the  entirely  new  work  with  which  they  now  have  their 
first  practical  connection,  and  that  there  are  some  things  about  the  drainage  of  a  town  with  which 
unaided   common  sense    is  hardly  able  to  cope. 

What  is  to  be  undertaken  is  not  simply  the  digging  of  so  many  feet  of  ditches,  and  the  laying 
•■of  so  many  feet  of  brick  or  pipe  sewers,  or  the  delivery  of  a  certain  amount  of  dirty  water  at  a  "jven 
point  of  outlet.  All  that  is  simple  and  easy  enough  ;  that  is  the  contractor's  part  of  the  work.  What 
they  have  to  do  now  is  to  gain  for  themselves  such  information  on  the  general  subject  as  they  can 
secure.  Then,  controlled  largely  by  the  knowledge  thus  gained,  they  should  select  as  their  adviser  a 
professional  engineer  competent  to  tell  them  what  they  do  not  already  know.  If  they  intend  to  do 
their  whole  dut)-,  the\-  will  not  be  satisfied  with  the  usual  course,  which  is  to  get  too-cthcr  and  decide 
by  what  they  often  suppose  to  be  a  sufficient  test,  on  the  selection  of  an  engineer,  and  then  leave  the 
whole    business   in   his  hands  without  keeping  an   intelligent   check    over    his   operations. 

The  questions   which   they   and    their  engineer  together  have   to   decide   do   not    relate   in  any   oreat 
degree  to   the    mere    digging  of   ditches  and   laying  sewers  and   carrying   water,   but  to  the  multitudinous 
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preliminaries  to  the  removing  of  each  difficulty  which  makes  sewerage  necessary,  and  the  securing  of 
the  positive  advantages  of  a  complete  system  of  drainage  as  an  amendment  to  the  natural  and 
artificial  conditions   of  the   town. 

The  engineer  should  be  selected  with  caution,  and  preferably  at  first  for  a  preliminary  inspection 
only,  for  he  needs  to  be  not  only  a  learned  man,  with  a  reputation  in  his  profession,  but  also  a  practi- 
cal man,  who  will  be  recognized  by  the  committee  itself,  after  a  day's  interview,  as  qualified  by  char- 
acter and  attainments  to  meet  each  case  and  all  its  conditions  as  they  arise,  and  to  treat  them  ration- 
ally, not   tr}-ing   to   bend   the  conditions  of  all   cases   to  suit    special   rules. 

Having  applied  the  test,  and  having  determined  that  their  candidate  is  to  be  elected,  they  should 
accept  him  completely,  not,  however,  regarding  him  as  infallible  and  not  allowing  him  to  decide  import- 
ant questions  without  first  convincing  the  committee  that  he  understands  what  he  is  about  by  making 
them    understand    it  also,  and    understand    the   reasons   for  it. 

Under  the  guidance  of  such  an  adviser  an  intelligent  committee,  with  a  practical  engineer  for 
their  executive  officer,  may  proceed  with  their  work,  confident  that  its  result  will  justify  their 
efforts. 


CHAPTER    X.  j 

WAKING'S   SYSTEM  OF   SEWERAGE. 

PRACTICAL   DETAILS. 

IN  directing  the  construction  of  a  large  amount  of  work  under  that  form  of  separate  system — with 
tJie  complete  exclusion  of  storm-water — to  which  I  have  assumed  to  give  my  own  name,  I  have 
seen  occasion  to  modify,  not  only  processes  which  had  previously  been  usual  in  the  laying  of  pipe- 
sewers,  but  likewise  some  special  devices  which  at  one  time  seemed  advantageous.  My  present 
practice,  which  is,  of  course,  in  many  respects  the  long-established  practice  of  all  sewerage  engineers, 
includes  the  following  details: 

THE   SURVEY. 

The  preliminary  survey  on  which  the  plan  of  sewerage  is  to  be  based  should  have  for  its  founda- 
tion an  at  least  approximately  correct  map  of  the  streets  of  the  town.  It  is  often  not  worth  while 
to  make  a  new  survey  for  this  purpose.  If  existing  maps  are  approximately  correct,  it  will  sometimes 
be  easier  to  make  the  survey  of  street  lines  by  measuring  offsets  from  the  sewer  lines  when  these  are 
finally  located. 

The  survey  should  cover  all  topographical  and  geological  details  that  can  have  a  bearing  on  the 
arrangement  and  construction  of  the  work.  Levels  should  be  taken  at  the  intersections  of  streets  and 
alleys,  at  all  intermediate  points  in  streets  and  alleys  where  there  is  a  noticeable  crest  or  hollow, 
and  at  the  water-level  and  beds  of  all  water-courses  and  ditches.  Levels  should  be  extended  suffi- 
ciently beyond  the  laid-out  portion  of  the  town  to  indicate  '  probable  future  needs  as  to  location 
and  capacity  of  main  lines.  All  possible  points  of  outlet  should  be  located,  and  sufficient  levels 
should  be  taken  along  the  lines  leading  to   them. 

Where  there  is  a  question  as  to  the  existence  of  superabundant  ground-water  in  coarse  sand  or 
gravel,  or  of  quicksand  or  other  unstable  or  difficult  material,  sufficiently  frequent  test-pits  should  be 
dug  to  demonstrate  exactly  the  conditions  that  are  to  be  encountered  within  the  depth  of  the  sewer- 
age work.  In  like  manner,  where  the  existence  of  rock  is  known  or  suspected  soundings  should  be 
taken  at  such  intervals  as  will  suffice  for  the  making  of  profiles  showing  approximate])-  the  amount 
of  rock  to  be  excavated  in  laying  sewers.  All  existing  gas-pipes  and  water-pipes  should  be  located, 
their  sizes  shown  and  their  elevations  given. 

The  sub-division  of  lots  should  be  shown,  so  that  the  arrangement  of  sewers  may  be  such  as  to 
afford  an  outlet  from  some  portion  of  each.  Those  portions  of  the  town  which  are,  and  are  like!)'  to 
remain,  residence  portions  should  be  distinguished  from  those  which  are,  or  are  likeh-  to  become,  business 
portions;  in  this  connection  all  available  information  should  be  set  forth  which  would  have  a  bearing 
on  the  depth  to  be  adopted  for  the  sewers.  It  will  help  much  in  this  connection  if  the  elevations 
of  the  bott<ims  of  all  existing  deep  cellars  in  the  town   are  given. 

It  is  possible  to  make  the  survey  so  complete  that  the  sewerage  plan  ma\'  be  made  by  one  wiio 
has   not    visited    the   ground,  such    details    as    cannot    be    shown  on    a   map  being    comnumicated    by    an 

89 


go  SEWERAGE  AND  LAND-DRAINAGE. 

intelligent   local   engineer.     It    is,   however,   always    an    advantage    to    have    the    site    carefully    examined, 
preferably  after  the  survey  has   been  made,  by  the  individual  who  is  to  make  the  plan. 

THE    PLAN. 

We  are  not  now  considering  the  question  of  system.  We  are  confining  our  attention  solely  to' 
cases  where  the  separate  system  is  to  be  used. 

It  is  hardly  possible  to  gi^'e  such  complete  written  instructions  concerning  the  arrangement  of  a 
plan  of  sewerage  as  would  qualify  an  inexperienced  person  for  the  work.  More  can  be  gained  in  this 
direction  by  a  careful  study  of  the  examples  set  forth  in  the  different  plans  of  sewerage  shown  in  the 
Plates  accompaiij'ing  this  work,  and  in  the  description  of  these  plans  in  the  text,  than  by  a  study  of 
general  principles.  There  are  generally  a  variety  of  groupings  of  lateral  sewers,  sub-mains,  and  mains 
which  can  be  brought  together  for  a  satisfactory  general  alignment.  The  conditions  which  control 
the  variations  and  which  lead  to  the  selection  of  one  rather  than  of  another  cannot  be  so  formulated 
as  to  constitute  a  guide  to  the  engineer.  Each  case  has  peculiarities  of  its  own,  and  there  are  many 
conditions  of  length,  depth,  size,  velocity,  and  convenience,  the  consideration  of  all  of  which  must 
affect  the  final  determination. 

When  complete,  the  plan  should  show  the  location  of  the  outlet  or  outlets,  the  alignment  of 
all  sewers,  with  the  diameters  of  each  ;  man-holes,  inspection-pipes,  flush-tanks,  and  any  other  special 
appliances  which  the  local  conditions  may  make  necessary. 

A  complete  set  of  profiles  should  be  drawn  to  a  suitable  scale ;  200  feet  to  the  inch  horizontal 
and  6  feet  to  the  inch  vertical  is  usually  convenient.  These  profiles  should  show  the  surface  of  the 
ground;  the  invert  line  of  the  sewer;  the  section  of  communicating  sewers,  whether  entering  or  leaving 
the  line;  the  rate  of  inclination;  the  diameter  of  the  pipe,  man-holes,  inspection-pipes,  and  flush-tanks; 
the  line  of  ground-water,  where  this  has  been  determined  ;  the  elevation  and  location  of  existing  drains, 
gas  pipes  and  water-pipes,  where  these  cross  or  lie  near  to  the  line  of  sewer,  and  the  profile  of  existing 
rock.  The  elevation  of  the  surface  and  of  the  invert  of  the  sewer  should  be  shown  and  given  at  all 
changes  of  grade  and  at  frequent   intervals  along  uniform  slopes. 

The  plan  and  profile  together,  accompanied  by  detailed  drawings  of  all  special  constructions  from 
flush-tank  to  outlet,  should  furnish  all  of  the  graphic  information  that  can  be  useful  to  bidders  in 
estimating  the  cost  of  the  work. 

THE   SPECIFICATIONS. 

Careful  and  minute  specifications  should  set  forth  all  details  of  the  work  not  clearly  shown  in 
the  plan,  profile,  and  detailed  drawings,  and  all  of  these  should  be  made  with  the  understanding  that 
whatever  is  shown  in  one  and  not  in  another  shall  be  considered  an  essential  part  of  the  work. 

The  specifications  should  indicate  closely  the  manner  in  which  the  work  is  to  be  carried  on,  so 
far  as  this  is  essential  to  the  securing  of  the  specified  result,  but  it  is  better,  so  far  as  it  is  safe,  to 
leave  processes  to  be  selected  and  determined  by  the  contractor  or  superintendent.  In  fact,  the  more 
simple  and  the  shorter  specifications  can  be  made — and  they  are  necessarily  long  and  complicated  at 
best — the  easier  it  will  be  to  insure  their  being  understood  and  to  secure  compliance  with  their  re- 
quirements. 

THE   ESTIMATE. 

The  real  cost  of  any  public  work  is  to  be  found  In  the  figures  of  the  superintendent,  or  the  bid  of 
the  contractor,  by  whom  it  is  to  be  carried  out,  but  it  is  essential  that  the  authorities  of  the  town 
should  know  beforehand,    within  reasonable  limits,  how  much   the   work   is   to    cost.     For  this   informa- 
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tion  they  depend  on  their  engineer.  He,  knowing  the  cost  of  the  various  items  of  labor  and  material 
in  the  locality  under  consideration,  and  knowing  from  the  survey  the  character  of  excavation  to  be 
encountered,  will  be  able  to  reach  a  close  estimate  of  the  actual  outlay  required.  His  report  should 
be  accompanied  by  a  statement  of  the  units  on  which  his  calculation  is  based,  of  the  extent  and  in- 
fluence of  impediments  to  easy  work,  such  as  rock,  quicksand,  and  superabundant  water;  the  quantities 
of  the  various  items,  and  the  total  result  of  his  calculation.  To  this  there  should  be  added,  to  cover 
eno-ineering,  inspection,  and  contingencies,  ordinarily  not  less  than  twenty  per  cent.,  sometimes  even 
as  much  as  twenty-five  per    cent.      With    the   combined    system    this    addition    need    not    exceed  ten    to 

fifteen  per  cent. 

It  is  to  be  remembered  that  while  large  storm-water  sewers,  though  they  may  receive  and  may 
retain  a  considerable  amount  of  rubbish,  generally  have  a  sufficient  water-way  left  above  their  obstruc- 
tions for'  the  removal  of  the  ordinary  flow  of  sewage,  in  the  small  pipes  of  the  separate  system,  on 
the  other  hand,  there  is  no  great  margin  to  spare.  If  an  accumulation  begins  at  any  point,  it  is  quite 
likely  to  grow  into  a  complete  obstruction.  It  is  therefore  necessary  that  all  parts  of  the  work  be 
carried  on  with  the  greatest  care,  that  grades  be  most  exactly  fixed,  and  that  all  parts  of  the  work, 
especially  the  jointing  of  the  pipes,  be  kept  under  the  closest  observation.  Therefore,  while  an  oc- 
casional oversight  by  the  city  engineer  and  the  casual  observation  of  a  political  inspector  are 
sufficient  to  secure  such  a  construction  of  storm-water  sewers  as  to  allow  house-drainage  to  be  carried 
away,  much  more  thorough  and  constant  inspection  and  engineering  supervision  are  necessary  with  the 
separate  system.  This  increases  the  expense  of  carrying  out  this  system,  and  is  to  be  considered  in 
comparing  its  cost  with  that  of  the  combined  system. 

THE   REPORT. 

Although  the  engineer  himself  understands  all  that  he  has  done  in  the  preparation  of  his  plan 
and  the  bearing  of  the  various  conditions  which  have  led  him  to  decide  as  he  has,  it  is  always  worth 
while  to  set  forth  his  reasons  somewhat  at  length  in  a  written  report.  If  the  work  is  not  for  his 
own  town,  where  he  will  always  be  at  hand  to  explain  it,  the  report  should  include  such  a  description 
of  the  detailed  arrangements  of  plan  and  profile  as  will  enable  the  local  committee  to  comprehend  the 
meaning  of  the    indications  of  the  different  parts  of  the  system. 

The  day  is  probably  past  when  it  is  worth  while  to  include  in  the  report  a  long  argumentative 
and  discursive  account  of  experience  elsewhere,  with  a  view  to  convincing  the  people  of  the  need  for 
any  system  of  sewerage.  The  existing  literature  on  the  subject  is  probably  sufficient  to  this  end, 
and  it  may  fairly  be  assumed  that  the  fact  that  a  plan  of  sewerage  has  been  called  for  is  sufficient 
evidence  that  the  need  for  sewerage  is  realized.  If  the  people  are  to  be  stirred  and  stimulated  to 
acquiescence  by  a  portrayal  of  the  dangers  that  the  absence  of  proper  drainage  entails,  the  medical 
fraternity  and  amateur  sanitarians  may   safely  be  trusted   to   do  all   that  is   necessary  in  this  direction. 

SUPPLEMENTAL  PAPERS. 

It  has  been   my   practice  in   some  cases   to    furnish  an   abstract  of  the    specifications,  which    need    be 
little   more   than   a  cataloguing  of  the  meaning   of  the  different    sections,   something   that    will    extricate 
from   the  necessary  legal   verbiage  the  central    idea  that   it   is   important   to    have  comprehended  by  bid 
ders  before  they  figure   on   the  work.     This   is   in   no   sense   a  substitute   for  the   full   specifications,  only 
an  emphasizing  of  their  leading  features. 

Also,  to  furnish  a  summary  of  special  conditions  under  which  the  work  will  be  let,  relating  chiefly 
to  the  reliability  and   experience  of  bidders,  and   making  it  an  essential  condition   that   they   shall  assure 
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the    committee    that    they    have    sufficient    casli   capital    to    provide    an    ample  plant   of    pumping,    rocl:- 
excavating,  and    other    machinery   when  needed,  and  to  meet  pay  rolls  in  advance  of  monthly  estimates. 

LAYING   OUT   THE   WORK. 

The  first  step  in  practical  operations  is  the  actual  application  to  the  streets  and  alleys  of  the 
city  of  the  lines  of  the  preliminary  plan.  If  these  are  based  on  an  accurate  map,  and  if  the  levels 
sufficiently  indicate  the  actual  conditions,  it  will  be  a  simple  matter  to  locate  the  lines.  It  frequently 
happens  that  the  only  map  available  is  not  accurate,  and  it  sometimes  happens  that  the  preliminary 
levels  are  inexact  or  wrongly  recorded.  Test-lines  should,  therefore,  in  such  cases  be  run  sufficiently 
to  determine  the  adaptability  of  the  alignment  to  the  actual  situation. 

This  being  assured,  the  sewer  lines  should  be  carefully  run  by  a  competent  transit-man,  and  their 
final  location  at  every  point,  as  well  as  their  curves,  junctions,  and  house-connections,  and  the  position 
of  flush-tanks,  man-holes,  and  other  appliances,  should  be  accurately  fixed  and  recorded  in  the  field 
note-book.  The  lines  should  be  accurately  referred  to  the  street  lines,  property  lines,  and  prominent 
buildings  and  other  fixed  points. 

The  lines  should  be  indicated  by  two-inch  hard-wood  stubs,  each  with  a  centre  nail  to  measure 
from.  These  should  be  set,  not  on  the  line,  where  they  would  be  disturbed  by  the  opening  of  the 
trenches,  but  at  a  uniform  distance  of  three  feet  always  to  the  right  or  left  of  the  line.  The  positions 
on  the  line  corresponding  to  these  stubs  should  be  recorded  with  care,  as  they  will  be  the  basis  not 
only  for  the  location  of  the  pipe  in  the  ditch,  but  of  all  house-branches  and  other  underground  ele- 
ments which  it  may  at  a  future  time  become  necessary  to  record.  The  stubs  will  be  useful  throughout 
the  whole  progress  of  the  work  and  until  the  central  points  of  man-hole  and  inspection-pipe  covers 
shall  become  available  as  a  substitute. 

A  set  of  benches  should,  now  be  run  and  carefully  checked  at  short  intervals  along  the  lines. 
Levels  should  then  be  taken  on  all  stubs  and  checked  on  benches,  in  order  that  working  profiles, 
based  on  actual  working  conditions,  may  be  compared  with,  altered  from,  or  substituted  for  those 
indicated  in  the  profiles  accompanying  the  report.  These  will  be  the  working  profiles  in  accordance 
with  which,  as  construction   progresses,  the  local  engineer  is  to  give  his  points. 

This  application  of  the  plan  of  sewerage  to  the  actual  ground  being  completed,  either  for  the 
whole  town  or  for  a  given  section  of  the  work,  we  are  ready  for  actual  construction,  and,  if  the  work 
is  to  be  let   by  contract,  complete  information  can  be  laid    before  bidders. 

THE   TRENCHES. 

The  first  work  of  construction  is,  of  course,  the  digging  of  the  trenches  in  which  the  sewers  are  to 
be  laid.  These  should  be  marked  at  the  surface  by  parallel  lines  drawn  from  stakes  set  by  the  engi- 
neer. A  foot-way,  wherever  possible  two  feet  wide,  should  be  preserved  outside  of  these  lines,  all  the 
earth  and  excavation  being  thrown  beyond  them.  The  level  stubs  needed  for  final  grading  should  be 
set  in  pairs  opposite  to  each  other,  not  more  than  twenty-five  feet  apart  and  at  least  a  foot  away 
from  the  excavation  line.  They  should  be  so  protected  as  not  to  be  trodden  upon  or  knocked  out 
of  place  by  the  workmen. 

The  excavation  of  the  trench  nearly  to  its  full  depth,  including  sheeting  and  bracing  where  re- 
quired, need   not  be  described  here. 

The  rough  work  of  excavation  should  not  be  allowed  to  reach  within  less  than  four  inches  of 
the  line  of  the  finished  grade.  Final  grading  should  be  done  by  careful  men,  and  should  be  carried 
to  the  exact  line  of  the  exterior  of  the  pipe,  bringing  the  interior  line  exactly  at  the  prescribed 
grade. 
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Straight  boards  should  be  set  edgewise  across  the  trench  at  each  pair  of  stubs  and  fixed  in 
position. 

A  strong,  hght,  Hnen  fishing-hne  should  be  hauled  so  taut  as  not  to  sag,  and  it  should  be  in  the 
exact  vertical  plane  of  the  axis  of  the  sewer  and  parallel  to  it.  The  depth  for  final  grading  will  be 
obtained  by  a  rod  indicating  equal  measurements  down  from  this  line. 

SEWER-riPE. 

The  pipe  used  is  known  as  "  vitrified,"  and  although  the  objection  that  is  frequently  raised  against 
slip-glazed  pipe  seems  to  me  not  at  all  well  founded,  it  is  nevertheless  true  that  in  this  country,  at 
least,  the  most  perfectly  vitrified  pipes  and  those  of  the  truest  form  are  generally  salt-glazed.  There 
is,  therefore,  practically  no  objection,  so  far  as  the  present  state  of  the  art  is  concerned,  in  specifying 
salt-glazed  pipe. 

The  chief  practical  difficulty  with  American  pipes  lies  in  the  closeness  of  the  socket.  It  is  some- 
times hardly  possible  to  insert  a  gasket  between  the  spigot  and  the  socket.  When  it  becomes  necessary 
to  use  the  Stanford  joint  the  difficulty  is  much  greater.  Indeed,  with  most  of  the  pipe  that  has  come 
under  my  observation  the  space  of  the  joint  is  so  small  that  it  is  often  difficult  to  insure  its  complete 
filling  with  cement.  This  is  a  radical  defect  which  can  be  overcome  only  by  the  insistance  of  the 
engineer  controlling  the  acceptance  of  the  pipe  under  the  specifications.  It  would  be  better  to  have 
the  interior  diameter  of  the  socket  a  full  inch  greater  than  the  exterior  diameter  of  the  spigot  than  to 
have  the  close  joint  now  made. 

Mr.  S.  D.  Babcock,  engineer  of  the  water-works  of  Little  Falls,  New  York,  laid  a  long,  vitrified, 
pipe  conduit,  eighteen  inches  in  diameter,  jointed  with  a  mixture  of  oakum  or  jute  with  a  creamy 
solution  of  Portland  cement,  and  rammed  the  joint  with  a  calking-iron  as  filled  in  successive  layers. 
This  made  an  absolutely  tight  joint,  even  in  a  portion  of  the  pipe  that. was  so  depressed  as  to  bring 
it  under  a  head  of  nine  feet.  He  was  enabled  to  do  this  only  by  specifying  pipe  with  special  sockets. 
As  his  order  \\'as  a  large  one,  these  were  supplied  without  extra  charge,  and  there  is  no  reason  why 
they  should  not  be  so  supplied  for  ordinary  sewer  work,  though  slightly  more  costl)'  in  manufacture 
and  transportation  than   the  present  close-fitting  socket. 

It  is  always  wise  for  the  pipe  to  be  used  to  be  bought  by  the  town,  accepted  by  its  own  engineer, 
and  then,  to  prevent  unnecessary  loss  from  breakage  and  careless  handling,  sold  to  the  contractor  at  a 
fixed  price.  It  will  be  easier  for  the  town  authorities  to  secure  pipe  according  with  the  specifications 
directly  from  the  manufacturer  than  to  complicate  its  inspector's  relations  with  the  contractor  by 
adding  this  further  item  to  the  many  concerning  which  he  is  to  be  controlled. 

PIPE-LAYING. 

It  is  very  easy  and  convenient,  and  cheaper  for  the  contractor,  to  use  the  sewer  as  fast  as  it  is 
completed  to  drain  the  ditch  in  which  the  work  is  being  done.  With  large  sewers,  which  may  be 
entered  by  men  to  clear  out  accumulations,  the  only  objection  to  such  a  course  is  the  liability  of  the 
washing  awa}-  of  the  cement  from  the  joints  of  the  invert,  and  this  may  be  obviated.  When  we  have 
to  deal  with  pipes  too  small  to  be  entered  other  objections  arise.  Except  in  gravelly  soil,  the  water 
flowing  from  the  trench  into  the  pipe  is  rarely  clean.  If  it  is  not  clean  it  has  a  tendenc}'  to  deposit  silt 
in  its  course.  In  gravelly  ground  there  is  serious  danger  that  gravel  and  small  pebbles  will  be  thrown 
or  kicked   into   the  pipe  and   left   there.* 

•'vVlieic  the  trench  is  level  this  is  likely  to  occur  in  anv  case  and  should  be  carefully  guarded  against,  whether  the  pipe- 
laying    be   toward    the    head    or    toward    the    outlet    of   the    sewer. 
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The  most  serious  trouble  comes  from  silt,  which  I  have  known  to  accumulate  to  nearly  one-half 
the  capacity  of  the  pipe,  being  deposited  in  such  a  compact  mass  that  ordinary  flushing  and  ordinary 
scraping  had   no   perceptible  effect  upon   it. 

Another  difificulty  is  that  when  sewers  are  laid  in  wet  ground  there  is,  if  the  la)'ing  is  done  in  this 
direction,  no  means  for  ascertaining  whether  the  joints  have  been  made  tight  or  not.  If  the  laying  were 
from  above  downward,  any  water  flowing  out  of  the  pipe  would  indicate  leakage,  and  this  could  be 
detected  and  remedied  at  once.  In  the  sewerage  of  Stamford,  where,  for  my  sins,  I  became  interested 
with  the  contractor,  and  where  the  work  was  under  the  direction  of  the  borough  engineer,  it  was  per- 
mitted to  use  the  sewer  for  draining  the  ditch  in  passing  through  a  coarse,  gravelly  soil  filled  with 
water.  It  was  a  great  convenience  to  get  rid  of  the  water  in  this  way,  and  saved  a  very  heavy  charge 
for  pumping.  When  the  line  was  finished,  nearly  one-fourth  of  a  mile  long,  and  the  trench  filled,  the 
sewer  (lo-incli)  was  found  to  be  running  nearly  one-half-full  of  ground- water.  This  work  was  done 
nearly  two  years  ago,  and  before  that  section  of  the  system  could  be  accepted  this  sewer  had  to  be 
made  tiglit,  at  a  cost  exceeding  that  of  its  first  laying.  In  another  street,  where  the  completed  sewer  was 
used  to  drain  a  dirty,  wet  rock-cut,  discharging  a  constant  turbid  stream,  the  final  inspection  showed  a 
deposit  of  2  inches  of  compact  clay  in  more  that  i,ooo  feet  of  sewer  (lO-inch).  It  cost  more  to 
remove  this  than  it  would  have  cost  to  remove  the  water  by  pumping.  I  have,  therefore,  very  good 
ground  for  advising  all  engineers  in  writing  specifications  to  insist  that  the  pipe  be  laid  from  the 
upper  end  of  the  sewer  toward  the  outlet,  and  that  it  be  kept  dry  in  all  cases  by  bailing  or  pumping. 
This  will  often  add  to  the  cost,  but  it  is  the  only  safe  course.  In  Pensacola  we  are  now  using  a  six- 
inch  rotary  steam-pump,  working  to  its  full  capacity,  to  keep  the  water  down  in  200  feet  of  trench. 
Were  we  to  attempt  to  get  rid  of  this  water  through  the  completed  sewer  we  should  fill  it  half-full 
of  sand,  leaving  only  sufficient  water-way   to  carry   the  ditch  supply. 

It  is  to  be  understood,  of  course,  that  whatever  an  expert  engineer  recommends  is  subject  to 
the  revision,  and  is  often  likely  to  be  overruled,  by  local  engineers,  who  have  yet  to  learn  by  experience, 
and  at  the  cost  of  their  clients,  what  the  expert  has  learned  already.  This,  however,  is  no  reason  for 
not  making  the  specifications   right  at   the   start. 

The  first  piece  of  pipe  laid  at  the  upper  end  of  the  line  should  be  put  into  the  exact  position 
required  to  receive  the  outlet  of  the  flush-tank,  and  at  the  correct  distance  below  that  a  branch 
should  be  inserted  at  the  top  of  the  sewer  to  receive  the  vent  and  inspection-pipe  from  the  flush-tank. 
At  the  prescribed  intervals  along  the  line,  and  on  both  sides  of  it,  four-inch  Y-branches  should  be 
placed  for  the  connection  of  house-drains.  These  and  all  other  fixtures  must  be  exactly  located,  and 
the  side  of  the  street  toward  which  they  are  turned  indicated.  These  house-branches  should  have 
been  closed  several  days  before  being  lowered  into  the  ditch  with  a  disc  of  galvanized  iron  with 
lean  lime  mortar,  and  those  in  wet  ground  should  be  covered  with  a  thin  skin  of  Portland  cement 
sufficient  to  exclude  water.  If  cement  mortar  is  used  directly  over  the  discs,  many  hubs  will  be  broken 
in  removing  them  when  making  house-connections.  In  laying  these  branches,  where  the  depths  will 
permit,  they  should  be  so  elevated  as  to  bring  the  lower  point  of  the  four-inch  inlet  as  high  as  the 
soffit   of  the  sewer.* 

The  full  bed  of  the  pipe  should  lie  on  the  graded  bottom  of  the  ditch,  pockets  being  scooped 
out    to   receive   the   hubs  and   afford   room   for  the  careful  cementing  of  the  bottom  of   the  joints.     The 

*One  of  the  most  important  mistakes  that  I  ever  made,  in  attempting  to  improve  on  previous  processes,  was  in  specifying 
for  tlic  provision  of  one  length  (two  feet)  of  four-inch  pipe  to  be  built  into  each  house-branch  at  the  time  of  laying  the  sewer. 
I  had  not  appreciated  the  difTiculty  of  insuring  a  good  support  in  the  side  cut  to  hold  this  two  foot  length  firmly  in  place. 
The  result  was  a  serious  break.ige  of  joints,  especially  in  wet  ground,  leading  to  the  introduction  of  a  great  amount  of  subsoil 
water  into  the  sewers.  The  purpose  of  the  chanjje  was  to  keep  the  private  drain  layer  away  from  the  sewer,  but  it  is  not  likel}' 
that   he   would    have   done  one-half   the   damage  that   the    supposed   improvement   resulted    in. 
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alignment  of    the    pipe  should    be  controlled  by  a  light  plummet   hanging  from   the  over-head    line    and 
nearly  touching  the  centre  line  of  the  top  of  the  pipe. 

The  exact  grade  of  the  invert  of  the  sewer  is  best  determined  by  the  use  of  a  rod  on  which  is 
marked  the  exact  distances  of  the  invert  below  the  over-head  line,  the  foot  of  the  rod  being  furnished 
with  a  right-angle  iron  foot  long  enough  to  rest  on  the  invert  of  the  pipe  when  the  rod  touches  the 
outer  end  of  the  socket. 

If  the  pipe  has  imperfections  which  are  admissible  only  if  placed  at  the  top,  the  .upper  side  of 
the  pipe  should  be  conspicuously  marked  that  it  may  be  properly  placed. 

Rope,  oakum,  or  jute,  twisted  into  loose  strands  as  large  as  the  little  finger,  should  be  wound 
around  the  pipe  near  the  spigot  end  and  made  fast  before  the  pipe  is  lowered  into  the  ditch.  When 
the  spigot  is  inserted  in  the  socket  at  its  full  depth  this  gasket  should  be  driven  fairly  home  with 
the  point  of  a  trowel  or  other  suitable  instrument.  The  gasketing  should  be  completed  at  least  one, 
and  better  two  or  three,  joints  in  advance  of  the  cementing. 

The  mortar  used  in  cementing  joints  should  be  made  of  the  best  quality  of  cement.  Rosendale 
and  cements  of  equal  quality  are  better  for  this  purpose  than  Portland.  The  sand  used  must 
be  clean  and  sharp.  There  should  be  at  least  one  part  of  cement  to  two  of  sand  if  Portland  is 
used,  and  one  to  one  if  Rosendale.  This  mortar  is  to  be  handled  with  the  greatest  care,  with  every 
protection  against  preliminary  setting  and  retempering.  In  cementing  the  joints  workmen  should 
use  rubber  mittens,  not  trowels.  A  small  quantity  of  cement  should  first  be  pressed  in  ^\■ith  the  fingers 
until  the  whole  space  above  the  gasket  is  packed  solidly  full,  and  the  bevel  should  then  be  made  out- 
side of  the  hub.  It  is  not  important,  if  the  work  is  well  done,  that  this  should  be  more  than  sufficient 
to  fill  the  angle  between  the  spigot  and  the  hub.  The  greatest  care  will  be  needed  on  the  part  of 
the  workmen,  and  the  greatest  vigilance  on  the  part  of  inspectors,  to  insure  the  proper  filling  and 
the  proper  completion  of  the  bevel  on  the  under  side  of  the  joint.  It  is  precisely  here  that  the  neces- 
sity for  a  tight  joint  is  most  imperative.  The  joint  being  made,  it  should  be  inspected  before  the 
cement   has   set,   and   should  be    immediately   supported   with  sand  or  gravel. 

In  all  cases  where  the  trench  and  the  pocket  dug  for  joining  pipes  cannot  be  kept  dr}^,  Stanford 
joints  should  be  used.*  If  these  are  not  used,  a  muslin  bag  wired  on  to  the  pipe  on  both  sides  of 
the    hub   holds  the  cement  well  in   place  in  such  wet  trenches. 

Tlie  jointing  being  finished,  great  care  must  be  taken  not  to  disturb  the  pipes  by  stepping  on  or 
near  them,  by  throwing  earth  upon  them  from  the  bank,  or  otherwise.  Especially  should  great  care 
be  taken  not  to  allow  stones  or  clods  to  fall  on  the  pipe  from  the  top  of  the  bank.  Many  a  sewer- 
pipe  is  cracked  and  disabled  in  this  way  and  covered  with  the  filling  before  the  difificulty  has  been 
detected.  The  only  safety  is  to  have  a  careful  in- 
spector to  supervise   the   filling. 

Where  the  inclined  inspection  pipes  are  used  they 
should  be  constructed  and  protected  against  settle- 
ment as  indicated  in  Fig.   5. 

One  of  the  most  frequent  difificulties  encountered 
in  laying  sewers  is  due  to  the  instability  of  the  ground 
at  the  bottom  of  tlie  ditch.  I  have  found  no  means 
for  meeting  these  difificulties,  as  they  ordinarily  occur, 
so  satisfactory  as  the  use  of  saddle-piles,  shown  in 
Figure  2.  These  are  made  of  inch  boards  pointed 
at  the  lower  end  antl  driven  to  a  firm  bearing.  The  upper  end  is  sawed  out  to  the  radius  of  the 
outside  of  the   pipe,  and  with   a  suitable    header  the  pile   is    driven   to  the  precise  depth    required.     Two 

*  See   ihe  description   of  Stanford's  Joint  at  tlie  end   uf  this  chapter. 
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of  these  piles  are  used  for  each  length  of  pipe,  one  at  each  end.  They  arc  immovable,  and  where  the 
bottom  is  so  \\et  as  to  interfere  with  proper  cementing  it  may  be  excavated  and  pumped  dry  to  a 
point  several  inches  below  the  outside  of  the  sockets  so  that  the  pipes  may  be  laid  and  jointed  in  the 
open  air. 

These  piles,  being  always  saturated,  will  last  for  a  very  long  time,  but  the  need  for  them  will  in 
almost  all  cases  have  passed  as  soon  as  the  filling  is  thoroughly  compacted,  so  as  to  embrace  the  pipe 
firmly  at  all  points.  This  is  much  more  economical,  safer,  and  more  effective  than  any  attempt  to 
remove  bad  material  and  replace  it  with  sand  or  gravel,  as  is  sometimes  necessary  in  the  construction 
of  brick  sewers. 

If  the  trench  is  left  for  the  night,  or  the  pipe-laying  is  stopped  by  reason  of  storms  or  otherwise, 
great  care  should  be  taken  that  the  ends  of  the  line  are  so  closed  as  to  exclude  gravel,  dirt,  or  dirty 
water. 

BACK-FILLING. 

In  back-filling  great  caution  will  be  needed  not  to  disturb  the  pipes  or  tiles  by  throwing  earth 
upon  them  from  the  top  of  the  ditch,  or  walking  upon  or  by  the  side  of  them,  before  a  covering  of 
at  least  two  feet  has  been  made.  After  a  small  portion  of  the  pipes  has  been  covered  to  the  depth 
of  two  feet,  a  man  will  stand  on  the  filling  and  will  continue  this  depth  along  the  whole  line  by  care- 
fully placing  over  the  pipes  ahead  of  him  fine,  dry  earth  shovelled  to  him  by  men  above.  In  complet- 
ing the  filling  above  two  feet,  the  earth  will  be  rammed  in  layers  of  about  one  foot.  In  crossing 
streets,  gutters,  sidewalks,  and  other  places  over  which  there  is  a  great  amount  of  travel,  however,  more 
attention  will  be  given  to  making  the  filling  compact  than  in  unfrequented  localities,  and,  where  the 
engineer  requires  it,  a  portion  of  the  street  must  be  planked.  In  filling,  the  number  of  men  ramming 
shall  not  be  less  than  the  number  of  men  shovelling.  The  pipe-laying,  bottoming,  and  first  two  feet 
of  back-filling  will  be  under  the  immediate  supervision  of  the  inspector,  who  should  also  attend  to 
the  remainder  of  the  filling. 

MAN-HOLES. 

It  seems  to  me  decidedly  advantageous  to  use  inspection-pipes,  or  even  lamp-holes  and  hand-holes, 
on  six  and  eight-inch  sewers  rather  than  to  build  man-holes  on  these  lines,  though  the  cost  of  inspection- 
pipes,  being  at  more  frequent  intervals,  would  probably  be  as  great  as  that  of  man-holes.  The  objection 
to  man-holes  with  such  pipes  lies  in  the  fact  that,  as  ordinarily  constructed  and  covered,  they  are 
more  likely  to  become  the  means  of  the  introduction  of  objects  which  may  obstruct  the  sewer  than 
to  be  required  for  the  removal  of  obstructions.  Man-holes  are  practicall}'  not  used  for  mere  inspection, 
further  than  to  see  what  current  is  running.  This  can  be  determined  equally  well  through  a  lamp- 
hole,  or  an  inspection  pipe,  by  throwing  a  ray  of  sunlight  down  by  the  use  of  two  small  mirrors,  or 
the  light  of  a  "  bull's-eye  "  lantern. 

Several  attempts  have  been  made  to  invent  a  man-hole  lock  that  would  be  accepted  in  city 
work.     So  far  as  I  know,  such   inventions  have  never  been  adopted  to  any  considerable  extent. 

I  recommend  the  use  of  man  holes,  but  at  considerable  intervals,  on  sewers  ten  inches  in  diameter 
and  larger.  Sewers  of  this  size  are  very  rarely  so  obstructed  that  a  good  flushing  stream  \\\\\  not  run 
through  them  with  sufficient  force  to  float  a  cork.  The  cork  will  carry  a  thread,  the  thread  a  cord, 
and  the  cord  a  rojic.  Ordinaril)'  there  is  no  difficult}-  in  floating  through  a  block  of  wood  six  or  eight 
inches  long  and  an  inch  square,  which  will  carry  a  cord  strong  enough  to  draw  a  half-inch  rope  through 
the  sewer.  Indeed,  it  is  generally  easier,  as  it  is  simpler,  to  send  through,  \\\\.\\  a  good  flushing  stream, 
an  oblong  block,  with  rounded  corners,  large  enough  to  carry  a  lialf-inch  rope  behind  it.  Such  a  rope 
is   better  than  jointed    rods   for  working  scraping   tools  and   steel   brushes,  a  rope  being  attached  at  each 
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side  of  the  scraper.  Two  men  working  in  man-holes  i.OOO  feet  apart  can  easily  remove  obstructions. 
For  the  stirring-up  of  stiff  mud  to  be  carried  forward  b>'  a  flushing-stream  nothing  is  better  than  an  ox- 
chain  with  a  rope  securely  fastened  within 
four  links  of  each  end,  leaving  the  hook 
and   rings  to  drag. 

Wherever  man  holes  are  used  they 
should  afford  no  obstacle  to  the  free 
flow  of  the  sewer  current.  The  plat- 
form at  the  bottom  should  be  higher 
than  the  top  of  the  sewer,  the  opening 
should  be  of  the  same  width  as  the  hor- 
izontal diameter  of  the  sewer,  and  its 
bottom  should  be  finished  with  concrete 
or  a  half-pipe  of  the  same  radius  as  the 
bottom  of  the  sewer. 

Man-holes  for  use  on  pipe-sewers, 
there  being  no  room  to  work  in  the 
sewer  itself,  as  in  the  case  of  large 
sewers,  should  be  at  the  bottom  of  ellip- 
tical shape.  A  convenient  size  is  3  feet 
wide  by  5  feet  long.  They  should  be 
drawn  to  a  circle  of  the  size  adopted 
for  the  man-hole  head  and  cover,  and 
the  brick-work  should  not  reach  higher 
than  to  within  6  inches  of  the  finished 
surface  of  the  street.  The  head  should 
have  a  flat  flange  bedded  in  cement  at 
the  top  of  the  brick-work,  and  the  cover 
should  be  roughened,  preferably  by 
square  studs,  to  prevent  horses  from 
slipping.  For  shallow  man-holes  a  diam- 
eter of    24  inches  is  sufificient  ;   for  very 

deep  man-holes  it  is  best  to  increase  the 

size  to  30  inches,  or  even  to  36  inches. 
Ladder-steps      of      galvanized      iron 

should    be    built    in    at    every    fourth    or 

fifth  course  of  brick-work. 

The  accompanying  detailed  drawings 

show  the  construction    of   man-holes    for 

pipe- sewers. 

In    one    respect    my    practice    is    at 

variance    with    that    of    most    engineers, 

who  attach  great  importance  to   the  pre- 
servation    of     straiglit,     open     sight-lines 

from    man-hole  to  man-hole.     This  seems 

to  mc  not  very  important    if    the  sewers 

are    laid    under    proper     inspection,    are 
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aligned  by  a  plummet  from  an  over-head  string,  and  are  accurately  graded.  There  is,  of  course,  a  cer- 
tain gratification  in  being  able  to  look  through  several  hundred  feet  of  finished  work  and  see  light 
from  end  to  end,  but  such  advantage  as  this  gratification  may  afford  is  more  than  offset  by  the  dis 
advantages  of  bringing  the  change  of  direction  within  so  short  a  distance  as  the  diameter  of  a  man- 
hole. I  prefer  to  make  all  changes  of  direction  on  sweeps  of  large  radius,  placing  the  man-hole  at 
one  end  or  the  other  of  the  curve.  When  convenient  it  is  better  to  put  it  at  the  upper  end,  because 
the  passage  of  the  float  carrying  a  line  can  be  controlled  more  easily  near  to  the  point  where  it  is 
introduced  than  at  the  curve  approaching  a  distant  man-hole. 

INSPECTION. 

It  is  more  important  with  small  sewers  than  with  large  ones  to  have  good  facilities  for  inspection 
and  for  the  introduction  of  cleaning  tools,  such  as  wires,  ropes,  or  jointed  rods,  in  case  of  need. 

The  usual  method  of  nearly  all  engineers  is  to  make  all  pipe-sewers  on  straight  lines  from  one 
opening  to  another,  so  that  we  may  satisfy  ourselves,  by  looking  through  the  whole  distance,  that  the 
pipe  is  free.     Mr.  Rawlinson  says  : 

"  When  sewers  are  laid  out  in  '  straight  lines,'  and  the  surveyor  insists  upon  absolute  truth  of 
workmanship  both  in  line  and  gradient,  the  work  will  necessarily  be  well  done.  With  man-holes  and 
lamp-holes  at  each  change  of  line  or  of  gradient,  the  surveyor,  by  removing  the  covers,  can  at  any 
time  set  out  the  central  line  of  the  sewer  upon  the  surface,  and  can  ascertain  the  depth  from  the  sur- 
face to  the  sewer  at  any  intermediate  point,  and  so  find  tiie  exact  position  of  any  side  junction.  Some 
surveyors  cannot  at  first  see  (so  as  to  appreciate)  the  full  advantages  of  right-line  arrangements,  and  do 
not  find  it  out  until  the  works  have  been  completed  and  they  wish  to  form  junctions,  or  to  examine 
the  sewers  for  cleansing  and  flushing,  when  they  discover  that  the  whole  of  the  works,  by  reason  of 
the  man-holes  and   right  lines,   are   fully  under   inspection  and  command." 

"  With  the  sewers  in  right  lines,  and  even  gradients,  from  man-hole  to  man-hole  (as  directed  to  be 
made)  the  surve}-or  can  first  float  a  light  cord  from  one  man-hole  to  the  other  below,  then  draw  along 
a  stronger  rope  to  which  scrubbers  may  be  attached  to  cleanse  effectually  such  sewers  as  have  very 
little  fall,  and  are  consequently  liable  to  accumulate  deposit." 

It  seems  to  me  that  the  advantages  named  are  either  slight  or  may  be  secured  without  "  straight 
lines  "  As  I  stated  elsewhere,  the  objection  to  straight  lines  lies  in  the  fact  that  changes  of  direction, 
which  had  better  be  made  on  large  curves,  are  necessarily  made  within  the  diameter  of  the  man-hole  on 
small  curves.  If  we  can  see  straight  through  the  sewer  we  have  no  reason  to  look  through  it.  It  is 
working  all  right.  If  it  is  obstructed,  unless  the  obstruction  is  close  to  the  man-hole,  we  cannot  see 
it.  We  can  determine  its  position  and  character  with  a  rod  or  wire.  The  location  of  any  point  of 
the  sewer  being  a  matter  of  record,  it  is  very  little  more  difficult  to  strike  it  at  any  point  than  if  we 
could  sight  over  its  true  line  from  manhole  cover  to  man-hole  cover;  we  can  in  like  manner  fix  the 
exact  depth  of  the  sewer  at  any  intermediate  point ;  it  is  not  at  all  necessary  that  the  sewers  should 
be  straiglit   in  order  that  a  cord  can  be  floated  from  one  man-hole  to  another. 

If  we  are  not  to  depend  on  sighting  through  straight  lines,  then  lamp-holes,  as  such,  are  of  no 
use,  but  as  inspection-holes  they  are  useful. 

The  best  method  of  inspection  for  the  smaller  pipes  tliat  has  come  to  my  notice  is  an  invention  of 
.Mr.  PhilHpson,  of  Dublin,  who  devised  a  slanting  pipe  pointing  in  the  direction  of  the  flow  of  the 
.sewer,  which  it  enters  by  a  Y-branch  funneled  out  so  as  to  avoid  sharp  corners,  the  upper  end  of  the 
pipe  reaching  nearly  to  the  surface  of  the  street.  Mr.  E.  I'ontzen,  C.E.,  of  Paris,  amended  this  by 
adding  another  slanting  pipe  looking  up  the  drain,  bringing  both  together  within  a  chamber  having 
the  usual   iron  cover. 

This  arrangement  is  substantially  shown   in  the  description  of  the  sewerage  of  San   Diego. 
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Fig.  4.   Inspection  Chamber. 


I  have  added  what  seems  to  me  an  improvement  on  this  arrangement,  by  making  the  surface- 
chamber  of  cast-iron  with  cast  slants  to  connect  with  the 
pipe  below  and  opening  into  the  chamber  at  its  vertical 
sides  in  such  a  way  as  to  allow  the  pipe  to  be  closed 
and  locked.  This  brings  the  section  of  the  pipe  higher 
and  well  within  sight  from  the  surface  of  the  street. 
The  closing  discs  are  locked  by  a  cross  brace  holding 
them  in  place,  and  held  to  its  bearings  by  a  padlock.  The 
sewer  is  thus  secured  against  accident  from  these  open- 
ings.    This  is  shown   in    Fig.  4. 

Flexible  rods  and  wire  can  be  run  for  considerable 
distances  up  or  down  the  sewer,  or  inspection-balls  or 
cleaning-pills  may  be  thrown  in  at  one  opening  and 
caught  at  the  next.  In  working  rods  up-stream  it  is 
necessary  to  have  the  upper  end  caged  for  a  sufficient 
length  to  keep  it  from  running  into  the  Y-branches.  A 
very  convenient  device  for  this  purpose  is  patented  to  H.  C.  Lowrie,  the  city  engineer  of  Denver, 
Col.  These  inspection-pipes  will  be  useful  at  intervals  of  three  or  four  hundred  feet,  but  two  hun- 
dred feet  would  be  better.  It  is  understood,  of  course,  that  the  Y  branches  are  sufficiently  removed, 
and  the  slanting  pipes  are  sufficiently  lengthened,  to  accommodate  different  depths  of  sewer.  This 
adjustment  should  be  accurate,  so  that  the  inspection-pipes  may  be  quite  straight.  The  chamber  should 
be  built  on  four  small  posts  reaching  below  the  bottom  of  the  sewer  to  prevent  settlement.  Before 
these  posts  will   have  rotted   away  the  ground   will  have  come  to  a  firm  bearing. 

One  of  the  most  important  uses  of  these  inclined  inspection-pipes  is  for  the  removal  of  obstructions 
by  the  working  of  a  water  column.  Assuming  the  obstruction  to  be  complete,  or  so  nearly  so  that 
the  introduction  of  water  in  a  stream  from  a  j-ard  hydrant  will  fill  the  pipes  to  the  chamber,  then  the 
accumulation  of  water  between  the  obstruction  and  chamber  may  be  used  as  a  plunger  to  clear  the  pipe. 
A  disc  or  swab  of  nearly  the  full  diameter  of  the  inspection-pipe  worked  up  and  down  in  it  will  impart 
a  corresponding  movement  to  the  whole  column,  often  freeing  the  obstruction  from  its  attachment  and 
following  it  with  a  strong  flushing  current.  It  should  not  be  worked  too  vigorouslj-  lest  the  pipe  be  broken. 
The  slanting  pipes  opening  into  the  upper  chamber  are  eight  inches  in  diameter.  When  connected 
with  an  eight-inch  sewer  by  an  eight-inch  Y  the  whole  length  of  the  slanting  pipe  has  the  same  diame- 
ter.    When   the   sewer   is  si.x  inches   in    diameter  and   has  a  six-inch   Y.   ^  si.x-by-eight    increaser  is  to   be 

used.  Thus,  in 
either  case,  the 
whole  or  nearly 
the  whole  length 
of  the  inspection- 
pipe  is  eight  inches 
in  diameter.  A 
sectional  view  of 
the  combination 
of  the  su  rf  ac  e 
chamber,  the  slant- 
ing pipes,  and  the 

sewer  is  given    in 
•J  ^ 

Fig,  5.    hispection  Chamber  and  Pipes.  -^'S"    5-" 
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On  ten-inch  sewers  man-holes  sliould  be  used  where  anj'  means  of  ins[)ection  is  required.  In  a 
system  arranged  to  receive  nothing  that  has  not  passetl  through  a  four-ineii  liuuse-drain  it  is  not  at 
all  likel}'  that  ten-inch  pipes,  serving  as  the  main  for  a  very  considerable  length  of  lateral  sewer,  will 
become  obstructed,  neither  is  it  likely  that  objects  that  might  be  thrown  into  a  man-hole  would 
obstruct  a  ten-inch  pipe  carrying  so  large  a  flow  as  its  service  as  an   important  main  would  imply. 


FLUSH-TANKS. 

Invention  has  been  very  fertile  in  the  devising  of  automatic  flush-tanks.  At  the  time  when  the 
Memphis  work  was  done  there  were  only  two  tanks  available,  one  being  Rogers  Field's  tank,  and  the 
other  the  Tumbler  tank,  being  a  chamber  containing  a  large  iron  tilting  basin  which  became  over- 
balanced when  full  so  as  to  tilt  forward  and  discharge  its  contents  in  a  mass,  and  having  its  own 
greatest  weight  at  the  rear,  so  that  when  empty  it  tilted  back  to  its  normal  position  ready  to  be  filled 
again  b\-  the  constant  stream  pouring  into  it.  The  trouble  with  these  tanks  is  that  their  proper  work- 
ing depends  upon  the  nicety  and  sensitiveness  of  their  movement.  From  rust,  or  accidental  accumula- 
tion of  rubbish,  or  from  other  causes,  they  sometimes  failed  to  tilt,  when  the  water-supply  merely 
trickled  over  their  sides ;  or,  more  frequently,  failed  to  return  to  their  proper  position  after  being 
emptied.  They  are  not  considered  reliable,  and  so  far  as  I  know  are  not  now  used.  They  are  very 
costly. 

Rogers  Field's  tank  is  a  chamber  built  under  the  surface  of  the  street,  furnished  with  an  automatic 
siphon  so  arranged  that  the  smallest  drip  of  water  overflowing  it  seals  its  outlet  limb  and  gradually 
withdraws  its  air,  causing   a  more  rapid   flow  ;    this   removes  the  air    more    rapidly,  and   the   siphon  soon 

comes    into   full    action.       The    form    of    this    tank    used    in 
Memphis  is  a  modification  of    that   shown   in   Fig.    6. 

The  same  siphon,  shortened,  may  be  used  to  discharge 
tanks  of  other  forms,  as,  for  instance,  a  long  chamber  of 
brick-work  or  sewer-pipe  which  it  is  sometimes  necessary 
to  use  where  the  sewer  comes  too  near  the  surface  of  the 
street  to  afford   room   for  the   system   shown. 

It    was   found    in     Memphis    that    blisters    of    rust    were 

formed  on  the  inside  of  the  discharging  limb,  which  in  some 

cases  projected  sufificiently  far  forward  to  catch  the  dripping 

water  and   lead   it    quietly    down    into    the    outlet    chamber 

_|a    without  carrying  air  with  it. 

FIELD-WARING   TANK. 

This  is  an  improvement  on  Mr.  Field's  arrangement 
which  obviates  the  rust  dif^culty  spoken  of.  It  has  also 
another  advantage  in  connection  with  the  outlet.  Field's 
outlet  chamber  was  inaccessible,  and  the  subsidiary  siphon 
used  to  unseal  the  lower  end  of  the  discharging  limb  was 
a  circular  pipe  about  one  inch  in  diameter.  This  occa- 
sionally became  obstructed  and   failed  to  act. 

Fig.  6  shows  the  details  of  the  discharging  apparatus  of  my  improvement.  The  diameter  at 
K  is  the  same  as  the  diameter  of  the  original  Field  siphon,  which  rose  vertically  to  the  ajutage  or 
cone  at  the  top  of  which  the  overflow  water  is  delivered.     It  will  be  seen  by  the  cut   that  the  diameter 
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Fig.  6.    Field  Waring  Tank. 
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of  the  inner  limb  is  enlarged  immediately  above  the  water  line,  the  ajutage  at  the  top  having 
its  li[)  at  a  considerable  distance  from  the  walls  of  the  pipe,  so  that  there  shall  be  ample  room, 
in  spite  of  rust  blisters,  for  the  water  to  fall  clear  and  still  strilce  very  near  to  the  side  of  the 
outlet. 

The  working  of  the  apparatus  may  be  thus  explained  :  The  discharging  limb  of  the  siphon  passes 
through  the  floor  of  the  tank  and  delivers  into  a  chamber  of  peculiar  form  of  which  the  overflow  point 
is  on  the  exact  level  of  the  end  of  the  siphon,  sealing  it  completely  but  slightly.  Let  us  suppose  that 
the  tank  has  been  filled  and  that  enough  water  has  overflowed  to  fill  the  discharging  chamber  to  its 
final  level,  ij.  Further  overflow,  even  if  only  b}-  drops,  has  the  effect  of  carrying  bubbles  of  air  into 
'he  water  at  the  bottom.  Some  of  these  will  return  into  the  pipe,  but  some  will  escape  outside  of  it 
into  the  chamber  B.  Those  that  so  escape  are  taken  from  the  atmosphere  of  the  siphon  which  is  thus 
attenuated,  causing  the  water  to  rise  into  the  siphon  at  K,  and  to  overflow  more  rapidly  at  J.  The 
steadily  increasing  overflow  causes  an  increased  removal  of  air  and  a  corresponding  increase  of  flow. 
It  is  sometimes  20  or  ^o  minutes  after  water  falling  from  the  ajutage  has  sealed  the  outlet  of  the 
siphon  before  a  full  stream  is  established.  Once  established,  this  continues  until  the  v.'ater  in  the 
tank  is  so  reduced  as  to  allow  air  to  be  taken  below  the  lower  end  of  the  receiving  limb,  which 
is  a  cast-iron  dome  supported  over  and  around  the  discharging  limb.  The  gulp  of  air  thus  taken  in 
stops   the  action    of  the   siphon.     The   final   breaking  of  the  siphon   is  thus  accomplished: 

Figs.  3  and  4,  in  the  cut,  show  a  cross-section  of  the  discharging  chamber  at  its  overflow  point.  It 
is  separated  into  two  parts  by  the  diaphragm,  E,  which  passes  over  parallel  to  the  bottom,  as  shown 
in  the  principal  Figure.  This  is  so  arranged  as  to  act  like  a  siphon,  and  it  is  charged  and  brought  into 
action  by  the  main  discharge  from  the  tank.  When  the  discharge  of  the  large  siphon  is  stopped  by 
the  admission  of  a  small  volume  of  air  at  the  lower  end  of  its  receiving  limb,  th's  subsidiary  siphon,  o,  o, 
continues  to  flow  until  it  reduces  the  level  of  the  water  to  /.  During  this  operation  tlie  lower  end 
of  the  main  siphon  at  K  is  unsealed,  and  the  siphon  "breaks,"  the  water  in  the  discharging  limb 
running  off  into  the  chamber,  and  that  in  the  receiving  limb  falling  back  into  the  tank.  The  constant 
stream  of  water  flowing  into  the  tank  fills  it  for  its  next  operation.  The  subsidiary  siphon,  0,  0,  will 
not  work  effectively  unless  provided  at  its  outer  end  with  the  dam,  N,  or  its  equivalent,  because  during 
the  slow  discharge  of  the  last  of  the  water  of  the  tank  its  mouth  would  not  be  filled  by  the  stream 
and  air  would  work  back  to  prevent  its  operation  before  the  contents  of  the  chamber  and  the 
main  discharging  limb  were  completely  removed ;  with  this  dam  the  siphon  cannot  break  until  the 
water  in  the  chamber  is  reduced  to   a  level  well  below  the  mouth   of  the   main   siphon. 

Another  improvement  in  this  device  consists  in  the  use  of  the  top  of  the  discharging  chamber  as 
a  part  of  the  floor  of  the  tank  where  it  is  covered  with  the  plate,  C.  This  may  at  any  time  be 
removed   for  inspection  and  repair. 

This  apparatus,  as  now  made,  has  the  plate,  C,  fastened  in  place  by  brass  screws,  not  by  lugs 
and  wedges  as  shown. 

THE   FIELD-WILLIAMS   TANK. 

Mr.  Benczette  Williams,  the  engineer  of  the  sewerage  of  Pullman,  invented  for  that  work  a  tank 
for  flushing  the  sewers  with  house-sewage  instead  of  clear  water.  These  tanks  are  said  to  have  worked 
well,  and  Mr.  Williams  has  since  improved  it  and  made  it  especiall)'  useful  for  the  flushing  of  house- 
drains,  the  tank  being  substituted  for  the  grease-trap  which  in  Chicago  is  required  by  law  to  be  built 
in  all  cases.  This  tank  is  one  that  is  successfully  used  to  discharge  sewage,  and  is  intended  to  take 
the  place  of  a  grease-trap  or  house-basin.     It  is  a  modification   of  the   Field  siphon,  which  with   unsettled 
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sewage    may   become    clogged    and    work    irregularly.       Fig.    7    gives    a   section    of    the    Williams   tank, 
the    operation    of    which    is    as    follows: 

The  flow  is  started  through  the  intake  leg  A  and  descending 
leg  B  in  the  same  manner  that  the  Field  siphon  starts.  The  trap 
C  always  remains  sealed.  As  soon  as  the  siphon  has  come  into 
operation,  the  lower  trap  D  becomes  sealed  and  the  flow  con- 
tinues with  a  head  due  to  the  difference  of  height  between  the 
water  in  the  basin  and  the  trap  D.  When  drawn  down  to  the 
lowest  point  the  flow  is  checked  and  air  is  admitted  through  the 
trap  D  and  the  pipe  E  to  the  intake  leg  A  of  the  siphon,  thus 
breaking   the   siphon. 

A   certain   portion   of  the  grease  being  carried   off  with  each 
discharge  of  the  siphon,  the  tank  is  kept  measurably  free  of  grease 
Fig.  7.   Fleld-Williams  Flush-Tank.  and  other  solid  substances. 
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THE    CUNTZ    FLUSH-TANK. 


A  very  ingenious  tank  was  patented  in  Germany  in  1884  by  Friedrich  Cuntz,  of  Carlsbad.  At  the 
Antwerp  E.xhibition  in  1885  it  received  a  gold  medal.  It  was  patented  in  this  country  in  1887.  It 
had  previously  been  brought  out  here  under  another  name.  Its  construction  is  shown  in  Fig.  8, 
in  which  A  is  the  discharging  limb  of  the  siphon,  which  is  trapped 
below  at  E.  A'  is  the  receiving-limb  of  the  siphon,  which  is  of  the  class 
known  as  annular.  The  inlet-pipe,  F,  connected  with  the  public  water- 
pressure,  supplies  the  ta:nk  with  water  In  its  course  it  is  made  to  take 
the  form  of  an  ejector,  or  air-pump,  shown  at  B.  The  bulb  of  the  ejector 
is  in  communication  with  the  air  inside  of  the  siphon.  As  water  passes 
with  some  force  out  of  its  nozzle  into  the  continuation  of  the  inlet-pipe 
toward  G,  it  carries  some  of  this  air  with  it.  The  bent  pipe,  C,  is  also 
in  communication  with  the  interior  of  the  siphon,  and  with  the  outer 
atmosphere  as  well,  so  that  all  of  the  air  withdrawn  by  the  ejector,  B, 
is  supplied  through  the  pipe  C,  until  the  water  in  the  tank  rises  so  high 
as  to  seal  its  mouth.  Then  the  tank  itself  is  nearly  ready  to  overflow, 
and  the  further  withdrawal  of  air  from  the  interior  of  the  siphon,  not 
being  replaced  from  without,  rarefires  the  air  of  the  sipjion,  and  causes 
it  to  overflow  with  sufficient  rapidity  to  come  into  action.  Tanks  of  this  class  are  used  in  connection 
with  the  sewerage  of  Lincoln,   Nebraska,   and   are  said  to   be  very  satisfactory. 


Fig.  8.      Cuntz  Flush-Tank. 


THE   RHOADS-WILLIAMS   FLUSH-TANK. 

The  Rhoad.s-Williams  Tank  (Fig.  9)  works  by  the  compression  and  subsequent  sudden  release  of 
the  air  contained  in  the  siphon.  When  ready  to  act,  the  water  in  the  tank  stands  at  a  level  con- 
siderably above  the  siphon,  more  or  less,  according  to  the  dip  of  the  small  blow-off  pipe.  On  the  re- 
lease of  the  air,  thus  compressed,  this  head  in  the  tank  starts  the  siphon  with  full  force.  When  the 
discharge  stops,  the  siphon   is    unsealed  by  the  small  pipe  opening  into  the  sewer. 

As  the  tank  fills  with  water  (the  main  and  blow-off  traps  being  full),  it  rises  in  the  intaking  limb 
even  with  the  level  of  the  water  in  the  tank  until,  reaching  the  end  of  the  vent-pipe,  a  volume  of  air 
is    confined    in   the   two  limbs    of   the  siphon    between    the   water    in    the    intaking    limb    and    the    water 
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in  the  main  trap.     As  the    water    rises   higher    in    the    tank    the    confined    vohime    of  air    is    compressed, 
and   the  water    is  depressed  in  the   main   trap   and    in   the   blow-off  trap.     When   the  water   is   depressed 


Fig.  9.    Rhoads-Williams  Flush-Tank. 

in    the   blow-off    trap    to    the    lowest    point,    the    air  breaks    through,  carrying   the  water  with   it    out    of 
the  trap,  thus  releasing  the  compression  of  the  air  and  allowing  an  inrush  from  the  tank. 


UNDER-DRAINAGE    IN    CONNECTION    WITH    SEWERAGE. 

An  important  effect  of  the  sewerage  of  towns  by  brick  sewers  and  by  carelessly  jointed  pipes  is 
due  to  the  drainage  of  the  soil  which  they  secure.  In  the  absolutel)-  tight  work  which  it  is  the  aim  of 
this  system  to  employ  this  advantage  must  be  sought  in  another  way— that  is,  by  the  use  of  a  sepa- 
rate line  of  pipes  to  remove  the  subsoil  water.  For  this  purpose  it  is  not  necessary  to  use  vitrified 
pipes,  nor  to  use  large  pipes;  ordinary  agricultural  drain-tiles,  from  i  }^  to  4  or  5  inches  in  diameter, 
being  sufficient  for  the   purpose  in    nearly   all  cases. 

These  tiles  are  laid  on  the  bottom  of  the  trench  at  the  side  of  the  sewer,  care  being  taken  to 
prevent  their  obstruction  by  muddy  water  or  silt  flowing  into  them  as  the  work  goes  on.  The  best 
means  for  protecting  them  against  such  injury  is  to  wrap  the  joints  with  coarse  muslin  held  in  place 
by  earth  packed  closely  about  them.  There  will  then  be  no  opportunity  for  water  to  enter  them 
except  as  it  filters  through  the  muslin  at  the  joints,  and  all  injurious  mutl  and  silt  will  be 
excluded.  These  cloths  last  but  a  slioit  time,  but  thc_\'  last  thnui-h  the  dangerous  time,  which  is  the 
period  before  the  tliorough  settling  and  compacting  of  the  earth  about  the  tiles.  When  this  once 
becomes  solidified,  especially  if  there  has  been  no  opportunity  for  a  raj^d  stream  through  open  joints, 
any  water  channels  that  the  work  may  have  left  under  and  about  the  tiles  will  have  become  thoroughly 


I04  SEWERAGE  AND  LAXD-DRAINAGE. 

filled,  and  water  will  be  withdrawn  from  the  soil  only  by  the  slow  oozing  incident  to  all  well-constructed 
under-drainage. 

The  effect  of  tiles  laid  in  this  manner  in  the  trenches  is  greater  than  would  be  supposed.  Even 
in  the  heavy  soil  of  Memphis  tiles  laid  in  the  sewer  trenches  in  the  alleys  between  the  blocks  dried 
the  soil  so  effectively  as  to  dry  wet  cellars.  In  Keene  similar  drainage  was  complained  of  as  destroy- 
ing shallow  wells  in  the  neighborhood.  One  -of  the  earliest  objections  raised  to  the  work  was  that  it 
had  become  necessary  to  deepen  these  wells. 

No  rule  applicable  to  all  cases  can  be  given  for  the  length  to  which  different  sizes  of  tiles  may 
be  used  in  the  sewer  trenches.  In  the  case  of  a  reasonably  permeable  soil  the  following  table  will  be 
found  satisfactory : 

For  the  first  750  feet,  \\  inches. 

For  the  next  750  feet,  2  inches. 

For  the  next   1,000  feet,  3  inches. 

For  the  next   1,000  feet,  4  niches. 

For  the  remainder  of  the  line,  not  to  exceed  5,000  feet,  5  or  6  inches. 

In  light  soils,  where  the  flow  is  more  rapid,  the  same  sizes  cannot  be  used  for  more  than  one-half 
of  the  lengths  given.     In  very  heavy  soils  the  lengths  might  be  somewhat  increased. 

These  tiles  should  not  be  connected  with  cellars.  If  cellars  are  so  wet  that  the  ordinary  drainage 
of  the  ground,  in  the  manner  above  described,  does  not  sufifice  to  dry  them,  it  may  be  necessary  to 
carry  a  drain  from  the  cellar  as  far  as  the  sewer  trench,  where  it  will  find  an  opportunity  for  circula- 
tion in  the  ground  which  has  been  disturbed  by  digging  and  filling;  from  this  it  will  be  taken  up 
gradually  by  the  drains.  It  sometimes  happens  that  cellars  receive  a  flood  of  water  from  the  surface, 
or  from  the  flow  down  the  weather  side  of  the  house  during  driving  storms,  and  it  is  the  retention  of 
this  surface-water,  and  this  alone,  that  makes  them  wet.  If  by  proper  grading,  and  by  a  proper  pro- 
tection of  the  foundation,  surface-water  can  be  prevented  from  getting  into  the  cellar,  there  will 
often  be  no  occasion  for  pumping  or  draining.  The  effect  of  under-draining  in  connection  with 
sewerage  in  all  cases  where  the  soil  is  inclined  to  be  wet  is  nowhere  more  beneficially  exerted 
than  in  improving  the  foundation  of  pavement  and  macadam  or  asphalt,  or  in  improving  the  condi- 
tion of  ordinary  dirt  roads. 

STANFORD'S    JOINT. 

A  very  valuable   and   useful   improvement    in   the  jointing  of   pipe-sewers    is   the   invention    of  Mr. 
W.    H.  C.   Stanford,    M.   Inst.,    C.E.       It   is   a   device   that    has   been  largely   used    in    England,  but  for 
some  unexplainable  reason  has  never  made   its  way    here.     I  have   used  it  to  a  small  extent 
[^oovE     in  Norfolk  and   in    Stamford   with   the    most    satisfactory   results.       Its   proper   use   requires  a 
somewhat    freer   socket   than    our    tile-makers    usually    give    us,    though    it   may,  with  care,  be 
used    with    those  that  are    generally    furnished.     The   patent   on   the   invention   has  expired,  so 
that  this  restrictive  consideration  need  no  longer  deter  engineers  from  availing  themselves  of  it. 
The    following   directions    for    making    the    joint    are    taken    from   the  agent's    circular: 
The   pipes    to  which    this  joint    is  to   be    applied   should  have   the   face  chipped  from  the 
outside    of   the  spigot    and   from   the   inside   of   the   socket.       The    process  is   much    facilitated, 
when   the    pipes  arc   made    especially    for    the   joint,  by    a    groove ;   this   is    not    indispensable 
(Fig.    10).     The    dotted    lines  show   the   portions  of   the   pipe   to  be  chipped    off. 
y  The  joint  material   is  composed   of  brimstone,  coal-tar,  and     dry,  fine  sand.     The  tar  must 

be  free  from  ammoniacal  liquor. 
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The  brimstone  is  first  melted  in  an  iron  pot,  and  should  not  be  heated  over  300°  Fahrenheit 
The  tar  is  then  slowly  added,  and  lastly  the  sand.  After  the  addition  of  the  sand  the  mixture  must 
be   continually    agitated. 

The  proportions  of    the  ingredients    will    vary  with   the    size  of    the    joint   and   the   quality  of    the 
materials,  but  are  quickly  ascertained   by  experience.     They  are  usually  as    follows : 


For  fifteen-inch  pipes  and  upwards 
For  nine-inch  to  twelve-inch  pipes 
For  nine-inch   and    under 


Brimstone   4   parts. 
Sand  8       " 

Tar  I       " 

Brimstone   4   parts. 
Sand  6       " 

Tar  I       " 

Brimstone   4   parts. 
Sand  2       " 

Tar  r       " 
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There  should  be  just  enough  tar  to  prevent  the  mixture  from  cracking  in  cooling,  and  as  much 
sand  as   it   will   bear  without   losing  the   fluidity   requisite  to    fill   the  moulds. 

The  plant  required  is  inexpensive— viz.,  iron  pots  on  a  small  furnace  and  hot  plate  for  drying  the 
sand  and  boiling  the  mixture;  ladle,  bowl  in  which  some  mixture  with  a  greater  proportion  of  sand 
is  kept  for  tempering,  two  ordinary  one-pound  engineer's  hammers,  and  a  nine-inch  cold-chisel  for 
chipping  pipes;  two  tar  buckets,  and  the  necessary  moulds  for  different  sizes  of  pipes.  A  wooden 
mallet  to  remove  the  moulds  will  also  be  required.  A  platform  of  boards  about  ten  yards  square  is 
desirable,  upon  which  to  stand  the  newly  jointed  pipes. 

The    moulds    are    of    cast-iron,    accurately    turned.       The    female   mould,    from    which    the    spigot     is 
cast,  is  spherical   in   form,  and  the  male  mould   is  conical,  or  plain   taper.     Before 
use  the   moulds  should  be  wiped  with  an   oily  rag  or  piece  of   waste,   any  excess 
of  oil   being  avoided. 

In  casting  the  joint  the  female  mould  is  placed  on  the  floor  (an  iron  plate 
by  preference)  and  the  spigot  of  the  pipe  inserted  in  it,  its  central  position 
being  fixed   by  eye. 

The  male  mould  is  then  placed  in  the  socket  of  the  pipe,  and  the  joint 
mrxterial  poured  from  an  iron  ladle  into  the  cavities  left  between  the  moulds  and 
the  pipes.  This  should  be  done  by  two  workmen  pouring  simultaneously,  and 
when  the  mixture  is  nearly  cooled  any  hollows  formed  by  shrinkage  should  be 
filled  up  with  more  molten  material.  After  the  lapse  of  a 
few  seconds  the  moulds  may  be  withdrawn  and  the  joint  is 
complete.  While  the  joint  is  still  warm  any  excess  of  mate- 
rial should  be  scraped  off  with  a  knife  and  returned  to  the 
melting-pot. 

If  in  running  the  joint  a  portion  of  the  molten  material  .should  leak  between 
the  pipe  and  the  moulds,  a  little  sand  should  be  dusted  at  the  point  of  escape. 
No  particular  care  is  required  in  pouring  the  material,  any  portion  running  over  being 
collected  and   melted   up  again. 

The  position    of    the  pipe  and  moulds  during  the  process  of  casting  is  shown  in 
Fig.    1 1,  which   is    a    section  of   a  twelve-inch  stoneware   pipe.     Fig.    12  is  a  section  of 
Section  of  Joint.       the  same    joint    when   placed    in   the   work. 


Fig.  II. 

Section  of   Pipe  and 

Moulds  during  Casting, 
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A  good  workman  will  make  200  joints  to  pipes  of  nine-inch  diameter  and  under  in  a  day,  and 
two  men   will   joint  about    150  a  day  of  twelve-inch   pipes,  and    100  a  day   of  fifteen-inch  pipes. 

The  joints  when  made  should  be  protected  from  the  sun,  and  should  be  so  stacked  that  the 
joints  do  not    touch  when  standing ;  the  socket  end  should  be  downwards. 

All  faulty  joints  should  be  knocked   off  and  re-cast,  the   material   being  re-melted. 

The  pipes  must  be  quite  dry  when  the  joint  is  made. 

This  joint  is  practically  a  turned  and  bored  joint,  but  the  nature  of  stoneware  will  not  admit  of 
its  being  worked  in  the  lathe  as  in  the  case  of  metal  pipe.  The  same  result  is  secured  by  putting  on 
the  spigot  and  in  the  socket  a  durable  composition  which  when  set  takes  the  exact  form  of  turned 
moulds.  It  is  best  to  give  the  casting  on  the  spigot  a  spherical  or  ball  form,  and  that  in  the  socket  a 
plain  taper.  This  allows  a  little  deviation  of  direction  when  forming  the  joint  so  that  the  pipes  may 
be  laid  on  a  considerable  curve,  and  a  certain  amount  of  settlement  will  not  destroy  the  soundness  of 
the  joint.  The  spherical  form  allows  crooked  pipes  to  be  laid  in  substantially  straight  lines.  In  using 
the  greatest  care  must  be  taken  to  keep  both  the  spigot  and  the  socket  clean  and  to  exclude  grit  and 
other  foreign  material.  Clear  water  will  not  affect  the  soundness  of  the  joint,  which  should  be  washed 
clean  before  being  laid  if  it  has  been  exposed  to  soiling  from  any  cause.  In  laying,  the  spigot  is 
inserted  in  the  socket  with  care  to  avoid  bruising.  The  pipe  is  laid  in  its  destined  direction,  and  then 
a  block,  say  a  piece  of  4x4  joist,  is  laid  across  the  end  of  the  pipe  and  gently  tapped  with  a  wooden 
mallet.  The  jointing  material  is  slightly  yielding,  and  this  light  driving  brings  it  to  a  firm  bearing  with 
a  water-tight  joint  all  around. 
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Fig.   13    shows    the   form   of    moulds  recommaiided    by    the    inventor,  with   tables  of     dimensions  for 
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Fig.  13.    Form  of  Moulds. 


difTerent  sizes.      The  two  tables   on  the  preceding  page    relate  to  differences    of  thickness  in  the  mate- 
rial of  the  pipe  or  in  the  size  of  sockets. 


THE   RATE    OF   INCLINATION    OF   SEWERS. 


The  exact  meaning  of  the  prescribed  rate  of  inclination  to  be  given  to  a  sewer  is  rarely  appreciated 
even  by  engineers,  as  profiles  are  invariably  worked  on    distorted  scales. 

Fig.  14  shows  various  rates  of  inclination  from  i  to  25  to  i  to  2,500  drawn  to  a  natural  scale. 
The   solid   line   is  the   line  of  grade  and  the   dotted  line   is  the  horizontal.     Even    i  to  500  is  barely  per- 


Fig.    14.    Rates  of  Inclination  from    1  25  to    1  2500  (natural  scale). 

ceptible    to  the   c}'e.     The   difference  between    i    to    300    and    i    to    100  is  b}-   no    means    so    apparent    as 
the  different  velocities  of  flow  at  those  grades  would  lead  us  to  suppose. 


CHAPTER  XL 

EARLY  WORK  UNDER  THE  SEPARATE  SYSTEM  IN  AMERICA. 

LENOX,   MASS.  ; 

TTTHE  first  sewerage  work  under  the  separate  system  with  which  I  was  connected,  and  I  believe 
y-*-\  the  first  systematic  work  of  its  kind  in  this  country,  was  the  sewerage  of  Lenox,  Mass.,  which  is 
not  especially  interesting  except  for  the  method  of  disposal  adopted,  then  novel  as  applied  on  a  large 
scale.  This  work  was  done  in  1875-6.  The  village  lies  high  among  the  Berkshire  Hills,  six  miles  south 
of  Pittsfield  and  about  two  miles  west  of  the  Housatonic  River.  The  fund  that  could  be  raised  for 
the  complete  work  was  small,  not  so  much  as  would  have  been  required  to  lay  a  single  outlet-pipe 
sewer  from  the  village  to  the  river.  The  only  possibility  for  securing  the  work  at  all  was  by  the  adop- 
tion of  some  cheap  means  of  construction  and  of  disposal. 

The  plan  finally  adopted  and  carried  out  consists  of  several  miles  of  six-inch  pipe-sewers  connected 
at  their  upper  end,  for  flushing  and  for  ventilation,  with  the  rain-water  leaders  of  such  adjacent  build- 
ings as  were  available.  The  various  lateral  sewers,  four  or  five  in  number,  were  connected  with  a 
single  six-inch  main  sewer  leading  for  a  distance  of  about  2,500  feet  to  the  upper  edge  of  a  field 
somewhat  isolated  with  reference  to  present  or  probable  building.  It  here  discharges  into  a  flush-tank 
having  a  capacity  of  about  500  cubic  feet,  separated  into  two  chambers  by  a  wire-cloth  strainer  to  hold 
back  obstructing  material.  This  tank  is  discharged  by  a  Rogers  Field's  siphon  into  a  smaller  chamber 
having  two  alternative  outlets  ;  one  leading  to  a  system  of  subsurface  irrigation-pipes  aggregating  io,OGO 
feet  in  length,  and  the  other  to  a  surface-carrier  for  the  disposal  of  the  outflow  over  the  ground  should 
a  portion  of  the  tiles  become  obstructed.  The  main  sewer  leading  to  the  tank  has  also  a  branch  out- 
let by  which  the  direct   flow  may  in  case  of  need  be  turned  on  to  the  ground. 

So  far  as  the  absorption-drains  are  concerned,  they  were  much  less  completely  arranged  than  is  now 
the  custom;  but  they  seem  to  have  served  their  purpose  very  well,  the  only  serious  interruption  hav- 
ing been  caused  by  I  he  disturbance  of  the  lines  by  cattle  pasturing  over  the  field.  Since  the  irriga- 
tion area  has  been  fenced  in  there  has  been,  so  far  as  I  know,  no  serious  defect.  The  chief  feature 
wherein  this  work  differs  from  that  now  done  relates  to  the  connection  between  the  main  discharge-pipe 
and  the  absorption  drains.  This  was  made  by  inserting  as  a  part  of  the  discharging-main  a  short  length 
of  iron  pipe  having  an  elbow  connection  from  its  bottom,  so  that  the  full  force  of  the  flow  should  come 
directly  into  the  elbow  connecting  with  the  tiles.  This  arrangement  led  to  much  irregularity  of  dis- 
tribution. A  piece  of  paper  or  a  rag  washed  over  the  opening  would  suffice  to  prevent  the  flow  of 
sewage  into  the  line  of  absorption-drain  with   which  it  was  connected,  sometimes  for  weeks  together. 

1  he  work  has  now  been  relaid  with  connections  such  as  are  used  in  the  disposal  of  the  sewage  of 
isolated    houses. 

U|i  to  the  time  of  the  recent  changes,  so  far  as  I  know  or  have  seen,  this  system  has  worked  very 
well  when  it  has  been  allowed  to  work  ;  but  there  was  an  idea  in  the  minds  of  those  having  charge  of 
it  that  it  could  not  be  depended  on  in  winter,  and  they  even  feared  injury  to  the  flush-tank  from  frost, 
so  that  after  the  summer  and  autumn  visitors  had  deixirted,  in  one  instance  at  least  as  early  as  Octo- 
ber,   the    branch    from    the    main    above    the    flush-tank    was    opened     and     the    whole    winter    flow    was 
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allowed  to  run  eit  its  own  sweet  will  over  the  surface  of  the  gr(jund.  .Is  the  field  was  removed  from 
observation,  the  pipes  were  not  brought  into  operation  so  early  as  they  might  have  been  in  the  spring, 
and  I  have  seen  this  foul,  continuous  flow  with  its  putrid  deposits  run  exposed  over  a  small  area  of 
the  surface  nearly  as  late  as  the  first  of  June.  As  this  surface  flow  delivered  itself  first  into  the  hori- 
zontal carrier  and  there  accumulated,  the  outer  wall  of  the  carrier  was  cut  through  to  let  it  on  to 
the  lower  ground.     Its  usefulness  as  an  irrigation-carrier  was  thus  entirely  destroj'ed. 

However,  in  spite  of  these  drawbacks  and  inconveniences,  this  field  was  in  operation  for  more 
than  ten  years,  and  it  was  held  up  by  its  immediate  neighbors  as  an  example  of  an  inoffensive  and 
effective  method  for  disposing  of  the  outflow  of  small  towns.  Had  Lenox  remained  the  small  village 
for  which  the  work  was  laid  out,  the  system  might  have  remained  for  all  time  a  successful  example 
of  local  concealed  sewage  disposal.  When  it  had  grown  from  1,200  to  more  than  5,000  inhabitants  it 
was  obviously  impossible  to  continue  such  a  system  of  disposal  with  any  area  available  in  the  imme-" 
diate  neighborhood,  and  the  system  has  now  been  abandoned  so  far  as  the  greater  part  of  the  popu- 
lation is  concerned,  a  new  outlet  having  been  given  to  the  sewers  of  the  principal  part  of  the  village, 
conducting  the  flow  to  a  surface-irrigation  field  more  than  two  miles  distant.  The  absorption-field 
will  doubtless  remain  permanently  for  the  service  of  those  occupj-ing  the  western  slope  of  the  hill, 
now   numbering  not   more  than    five   hundred. 

Plate  H  shows  the  original  arrangement  of  this  field  and  its  present  arrangement.  It  was  found 
necessary  to  relay  the  absorption-drains  after  they  had  been  in  use  ten  years,  laying  them  in  gutter 
pieces  according  to  the  more  modern  custom.  The  lines  were  placed  midway  between  the  old  ones, 
that  they  might  be  laid  more  shallow,  and  still  in  firm  ground.  The  connection  between  the  discharge 
from  the  tank  and  these  lines  was  made  more  direct  and  by  side  branches  from  the  discharge-pipe.  The 
old  surface-irrigation  ditch  was  abandoned  and  a  wtw  one  made».  The  dotted  lines  sho\\'  the  abandoned 
work,    the    full    lines    the    new    work,  and    the   combined    dotted   and    solid    lines  the   old    work    retained. 

The  absorption-drains  are  si.\  feet  apart,  the  soil  is  light  and  very  poor.  For  more  than  half 
':he  distance  between  two  drains  the  crop  is  very  meagre,  while  over  and  immediately  beside  the  drains 
it  is  luxuriant  in  the  extreme. 

Up  to  1886  the  sewers  of  the  village  underwent  no  modification  since  their  first  construction, 
although  the  population  had  increased  considerably,  especially  on  one  or  two  of  the  principal  lines. 
There  was  nothing  in  connection  with  their  mechanical  operation  that  seems  open  to  criticism,  biit 
they  had  no  regular  flushing  and  were  sometimes  offensive,  especially  in  those  portions  where  their 
use  was  slight. 

Automatic  flush-tanks  have  now  been  supplied  at  the  head  of  all  of  the  lines,  roof-\\ater  has  been 
excluded,  and  these  difficulties  have  been  entirely  removed. 

CUMBERLAND   MILLS,  MAINE. 

About  two  years  after  the  completion  of  the  work  at  Lenox  I  was  called  to  make  a  sanitar_\-  in- 
spection of  the  village  of  Cumberland  Mills,  in  Maine,  and  made  plans  for  its  improvement,  the  fol- 
lowing account  of  which  is  copied   from  Harper's  Magazine  of  June,    1879. 

The  village  is  chiefly  owned  by  Messrs.  S.  D.  Warren  &  Co.,  of  Boston,  and  its  population  is 
mainly  employed  in  their  large  paper-mill.  They  had  taken  every  measure  that  occurred  to  them  to 
provide  in  the  best  manner  for  the  comfort  and  welfare  of  their  people,  and  had  expended  in  drains, 
sewers,  and  other  sanitary  appliances  a  very  large  sum  ;  they  had,  in  short,  conscientiously  done  their  very 
best,  under  the  lights  available  to  them,  to  make  their  village  a  model  of  healthfulness  and  convenience. 

I  found  on  every  hand  ample  evidence  of  elaborate  and  costly  work,  of  a  character  appropri- 
ate to  the  different  classes  of  buildings.      The  agent's  house  had  the  usual  conveniences  and    the  usual 
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defects  of  a  first-class  house  in  the  city  ;  tlic  boarding-liouses  were  abundantly  supplied  with 
water-works,  and  the  smaller  liouses  IkuI  kitchen  sinks  with  running  water,  cellar-drains,  etc.;  some 
of  the  larger  houses  were  heated  with  furnaces.  The  workmanship  was  generally  good,  and  indi- 
cated th.at  it  had  been  guided  by  a  good  engineering  skill,  though  quite  without  sanitary  knowl- 
edge. 

To  one  accustomed  to  the  inspection  of  drainage  works  the  gravest  faults  of  arrangement  were 
everywhere  patent.  Each  house  had  a  drain  leading  from  its  cellar  to  a  common  sewer  of  too  large 
size,  or  to  the  surface  of  low  ground  in  its  vicinity.  Where  water-closets  were  used  they  had  been 
erected  with  reference  to  convenience,  but  without  reference  to  a  proper  disposal  of  their  wastes. 
Most  of  the  smaller  houses  had  common  privies  adjacent  to  them,  and  in  the  majority  of  cases  the 
drainage  of  the  kitchen  sink  delivered,  often  through  an  insufificiently  closed  channel,  into  the  mouth 
of  the   untrapped  drain  of  the  cellar.     In  some  cases  there  were   indications  that  these  drains   had  become 

obstructed,  and  the  discharge  of 
the  kitclien  sink  had  overrun  the 
Cellar  bottom.  In  other  cases 
the  foul  air  of  the  drain,  or  of  the 
sewer  into  which  it  discharged, 
flowed  back  into  the  cellar  and 
permeated  the  house.  In  the  few 
instances  where  furnaces  were 
used  they  took  their  supply  of 
cold  air  not  from  outside  the 
house,  but  from  the  front  hall, 
the  same  air  being  cooked  over 
and  over  again — certainly  with 
the  effect  of  ecor.omizing  fuel. 
The  soil-pipes  of  the  water-closets 
were  unventilated,  and  the  insalu- 
brity  seemed   to  be  pretty  nearly 
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in    proportion    to   the   effort   which  had  been  made  to  overcome  it. 

I  was  entirely  unhampered  in  my  instructions,  and  was  encouraged  to  do  all  that  the  most  perfect 
sanitary  conditions  required.  The  village  lies  on  rolling  ground  considerably  higher  than  the  pond 
made  by  the  damming  of  the  Presumpscot  River.  This  pond  has  a  rapid  and  constant  movement. 
The  arrangement  of  the  new  system  is  shown  in  Fig.  15.  For  drainage,  the  houses  are  grouped 
mainly  into  three  sets,  each  with  its  independent  sewer  discharging  into  the  river.  A  is  the  ofifice- 
building,  where  the  work  was  very  simple  and  has  not  been  changed.  B  is  the  agent's  house,  of  which 
the  drainage  was  entirely  rearranged,  with  a  ventilation  of  its  main  drain  and  soil-pipe.  It  is  to  the  drain- 
age of  the  operatives'  houses  that   I  desire  to  call  especial  attention. 

The  heavier  lines  indicate  the  main  sewers,  of  six-inch  vitrified 
pipe,  running  from  the  flush-tanks  (F.T.)  to  the  river.  These  are 
laid  with  securely  cemented  joints,  and  with  Y-branches  to  receive 
the  house-drains,  which  are  shown  by  the  lighter  lines.  These  house-  ^^ 
drains  are  of  four-inch  vitrified  pipe,  with  cemented  joints.  Each  one 
of  them  reaches  nearly  to  the  foundation  wall  of  the  house,  and 
is   connected   under    the    cellar-floor  with  the   water-closet,    which    is    -<^0^f^;^i 

in      nearly      every      case      located      in     the     cellar.        The     outlet     of     each    of         From  Harper's  Magaiine.-Copyright,  ISTO,  by  H«rpcr  4  Drother». 

the  main   sewers    is    arranged    as    shown    in     Fig.    16,   its    extension    Fig.  16.  SewerOutlet,  Cumberland  Mills. 
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through   the  bank  wall  of  the   pond  and   for  some  distance  into  the  water  being  of  iron  pipe  supported 

and  protected   by   loose   stone-work.      At   the  top   of  the   bank   there   is  erected   from   a  T-branch  of  the 

sewer  a    four-inch    iron    pipe   extending    above   the    surface    of    the      -rrr^sf^iSy 

ground,    and    open    at    its    mouth    for  the  admission  of  air.     There 

is    no    trap    between    this    point    and    the    foundation    walls    of    the 

houses,    each    house-drain  being  connected  outside  the  walls  with   a 

three-inch   ventilation-pipe   reaching   above   the  roof,  shown   in   Fig. 

1 8.      This   arrangement    secures   a    free    circulation    of     air    through 

the    entire   length  of  sewers  and  house-drains. 

At  the  upper  end  of  each  main  sewer  there  is  placed  a  Field's 
flush-tank,  constructed  as  shown  in  Figure  17.  This  is  a  brick- 
chamber  built  in  the  gfound,  receiving  in  one  case  the  drainage  of 
a  four-tenement  house,  and  in  two  others  the  drainage  of  the  upper 
two  houses  of  the  series,  roof-water  and  all.  This  drainage  enters 
the   tank  through   the  pipe  C.     A  is  the  surface  of   the  water  when 
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Fig.  17     Field's  Fki'ih-Tank  at  Cum- 
berland Mills-. 


the  tank  is  full  and  B  when  it  is  emptied.  The  capacity  of  the  tank  between  the  lines  A  and  B  is 
about  five  barrels.  In  front  of  the  entrance  there  is  a  wire  screen  to  prevent  the  passage  of  coarse 
material.  This  is  held  in  place  by  wooden  wedges,  and  may  easily  be  removed  for  cleansing.  The 
depression  below  the  line  B  is  for  the  accumulation  of  solid  matters  which  may  not  be  decomposed. 
A  portion  of  the  tank  is  carried  up  to  the  surface  of  the  ground,  with  a  movable  cover  for  a  man-hole. 
E  is  Field's  automatic  annular  siphon,  by  which  the  tank  is  emptied  as  soon  as  its  contents  rise  high 
enough  to  flow  over  the  top  of  its  inner  (and  longer)  limb.  The  short  limb  is  a  dome  enclosing 
the    inner    limb,  with    a   waterway    all    around    its    bottom,    reaching    to    the    line    B.       The    drainage    of 

the  remaining  houses  of  each  system  flows  directly  to  the  main 
drain,  where  it  may  deposit  more  or  less  of  its  coarser  matters. 
The  drainage  of  the  upper  houses  flows  into  the  flush-tank,  where 
it  is  held  until  the  top  of  the  siphon  is  reached.  The  whole 
amount  (five  barrels)  is  then  discharged  with  great  rapidity  into 
the  main  sewer,  D,  washing  it  clean  from  end  to  end.  During 
storms  the  roof  water  increases  this  action,  but  the  flow  of  sewage 
alone   is  sufficient   to  remove  all  accumulations   from  the  sewer. 

The  arrangement  within  the  houses  is  shown  in  Fig.  i8, 
where  A  is  a  tumbler-tank,  delivering  about  two  quarts  of  water 
g  at  each  discharge ;  B  is  the  kitchen  sink  ;  C  is  a  check-valve  trap 
preventing  the  return  of  air  from  the  water-closet  to  the  sink;  and 
D  the  water-closet  in  the  cellar.  The  closets  are  of  enamelled 
cast-iron,  with  iron  traps  and  iron  connections  with  the  house- 
drains,  the  whole  being  securely  set  in  cement,  which  forms  the 
entire  floor  of  the  closet  apartment.  The  whole  cellar  bottom  is 
coated  in  like  manner  with  cement.  The  closet  has  a  wooden 
seat  but  no  riser.  The  whole  space  around  the  pot  is  open  to 
tlie   air  and    light,  and  to  the  broom   and   floor-cloth. 

Fig.  19  (following  page)  shows  the  construction  of  the  tumbler- 
tank,  which  is  a  small,  galvanized  iron  tank  enclosed  in  a  wooden 
box  of  which  the  cover  may  be  locked,  and  within  which  is  a  small 
faucet  connected  with  tlie  public  water  supply  and  under  the  con- 
trol of  the  public    inspector  only.       Within  the  box    and  supported 
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Fig.   18.    Arrangement    of  Houses, 
Cumberland    Mills. 
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on  knife-edge  trunnions  is  a  galvanized-iron  tumbler  or  tilting  basin,  with  a  capacity  of  about 
two  quarts.  Its  normal  position  is  shown  by  the  solid  lines,  A,  its  rear  end  resting  on  a  buffer  of  india- 
rubber.  The  faucet  is  set  to  fill  it  at  fixed  intervals,  usually  from  five 
to  ten  minutes.  When  nearly  full  the  weight  of  the  water  in  the  pro- 
jecting lip  causes  it  to  tilt  forward  and  assume  the  position  indicated' 
by  the  dotted  lines,  B,  its  front  side  striking  an  india-rubber  buffer, 
and  its  contents  pouring  rapidly  out,  to  flow  off  through  the  outlet-pipe, 
as  shown  by  the  arrow.  When  empty  its  rear  end  is  the  heaviest,  and 
l"^^     it  drops  back    into  position,  ready  to  receive  another    charge    of    water. 
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Fig.   ig.    House  Flush-Tank  shows   a  cross-section  of   the  patent  check-valve  by  which   the  air  of  the 

(Tumbler),  Cumberland  Mills.  ^^^^^^     j^    p.-evented     from     returning     to     the  kitchen. 

The  frequency  of  the  flushing  discharge  is  a  perfect  security  against  frost. 
The  kitchen  waste-pipe  is  kept  clean,  and  the  trapping  water  of  the  closet 
is  renewed  every  five  or  ten  minutes,  day  and  night,  all  faeces  and  kitchen- 
waste  being  carried  into  the  drain  and  quite  on  to  the  river  before  its  de- 
composition can  even  begin.  This  frequent  renewal  of  the  water  in  the 
closet  trap  would  be  a  considerable  protection  against  foul  air  in  the  drain 
even  were  this  not  ventilated.  In  effect,  there  is  perfect  ventilation  only  a 
few  feet  distant  fi'om  the  closet.  The  whole  arrangement  is  entirely  pure 
and  satisfactory,  and  it  secures  the  removal  of  all  offensive  waste  matters 
in  a  most  complete  and  unobjectionable  manner.  The  same  arrangements 
in  principle  are  applied  to  the  two  large  boarding-houses,  one  for  men  and 
one  for  women,   with  equally  good   results. 

Other  minor  improvements  have  been  made,  such  as  the  under-draining  of 
a  low  tract,  as  shown  by  dotted  lines  near  the  southeast  corner  of  the  map,  the  removal  of  stables, 
of  all  pig-pens,  and  of  all  privies.  Where  cellars  are  subject  to  soil-moisture  they  have  been  drained 
below  the  concrete,  and  with  ample  protection  against  the  return  of  drain-air  through  the  old  drains 
leading  to  the  old  sewer  or  to  the  hill-sides.  These  drains  have  absolutely  no  connection  with  the 
foul  water  system,  which  delivers  below  the  surface  of  the  water  in  the  river,  which  is  frequently  and 
thoroughly  flushed,  and  which  is  abundantly  ventilated  close  up  to  the  wall  of  every  house.  The 
houses  shown  on  the  map  which  are  not  connected  with  the  sewers  are  mainly  either  not  the  prop- 
erty  of    the  Messrs.  Warren   or    are  to  be  torn  down   or  removed. 

The  method  of  sewerage  above  indicated,  and,  so  far  as  working-people  are  concerned,  the  method 
of  house-drainage,  are  almost  universally  applicable  to  country  villages  generally,  and  even  to  very 
large  villages.  Indeed,  with  a  very  moderate  increase  of  size  in  the  main  sewers,  where  a  hundred  or 
more  houses  are  to  be  drained,  it  is  the  best  system  available  for  man}'  villages  which  have  city 
charters.  It  would  often  be  necessary,  but  by  no  means  always,  to  secure  some  better  means  of 
sewage  disposal  than  its  discharge  into  a  river  or  brook.  One  very  important  fact  in  this  connection 
is  apt  to  be  overlooked,  which  is,  that  while  the  outflow  of  large  and  sluggish  sewers  is  poisonous  to 
fish,  and  in  every  way  unfitted  for  admission  to  rivers,  fresh  fa;cal  matter  and  fresh  kitchen-waste  are 
food  for  fishes,  which  arc  its  natural  and  proper  scavengers.  The  whole  household  drainage  of  a  town 
sliould   be   carried   immediately  into  a  river  by  cleanl)'  flushed   sewers,  \\-here  such   outlet   is  used. 

This  is  believed  to  have  been  the  first  sewerage  work  done  here  or  in  Murope  where  flush-truiks 
were  systematically  used  as  an  essential  element  of  every  lateral  line  of  sewers.  These  tanks  being 
fed  by  house-drainage,  as  are  those  constructed  later  for  the  same  jnirpose  in  Pullman,  111.,  are  doubt- 
less  somewhat  less    nice  in  their  operation  than  they   would   be    were    fresh   water    only  used    to    supply 
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them.  At  last  accounts,  however,  the  operation  of  tlie  system  seemed  to  be  quite  satisfactory.  The 
use  of  the  strainer  to  prevent,  coarser  matters  from  obstructing  the  siphon,  and  the  adoption  of  a  reser- 
voir space  of  considerable  capacity  to  hold  sediment,  are  both  much  less  satisfactory  than  is  the  use 
of  a  separate  settling-basin  placed  between  the  flush-tank  and  the  house. 

The  interior  arrangements  shown  in  the  illustrations  are  of  the  simplest  sort,  and  are  not  so  satis- 
factory as  they  would  now  be  made.  That  is  to  say,  the  tumbler-tank  used  for  flushing  the  sink- 
drains  and  water-closets  is  not  nearly  so  good  for  practical  use  as  is  any  one  of  a  number  of  automatic 
siphon-tanks.  In  spite  of  the  most  careful  workmanship  and  of  the  absence  of  any  apparent  cause  for 
derangement,  the  boxes  will  sometimes  fail  to  dump  themselves  and  sometimes  to  return  to  their 
position. 

No  information  has  been  received  as  to  the  success  or  failure  of  the  check-valve  used  in  this  work. 
Placed  as  it  is  on  the  outlet  of  the  kitchen-sink,  it  is  not  likely  that  it  has  failed  to  give  considerable 
trouble.  If  a  valve  with  a  rubber  or  metal  ball  were  substituted  for  the  cup-valve  first  introduced,  it 
would  doubtless  be  more  satisfactory. 

In  this  case,  the  very  considerable  river  flowing  through  the  centre  of  the  village  furnishes  an 
unobjectionable  means  of  outlet,  even  were  the  population  many  times  as  great  as  it  is,  so  that  the 
question  of  artificial  disposal  did  not  have  to  be  taken  into  consideration. 

This  report  is  introduced  here,  not  so  much  because  of  any  instruction  to  be  derived  from  it  as 
for  its  use  as  an  illustration  of  the  progressive  steps  in  American  work,  by  which  the  more  modern 
application  of  the  separate  system  was  first  introduced.  The  sewerage  of  Cumberland  Mills  is  open  to 
the  criticism  that  it  does  not  secure  the  immediate  delivery  of  all  sewage  matters  to  the  river.  The 
effect  would  be  much  better  had  the  work  been  carried  out  on  the  general  principles  adopted  in 
Memphis  two  years  later. 


CHAPTER  XII. 

THE  SEWERAGE  OF  MEMPHIS. 

V^I^  HE  city  of  Memphis  has  become  a  somewhat  important  subject  of  general  sanitary  discussion, 
^^-^  and  especially  so  from  my  personal  point  of  view.  Avoiding  all  discussion  of  moot  questions, 
I  shall  state  in  a  general  way  the  facts  concerning  the  improvement  of  its  sanitary  condition,  includ- 
ing my  own  relations  thereto. 

The  city  stands  on  a  bluff  on  the  east  bank  of  the  Mississippi  River,  below  the  mouth  of  Wolf 
River,  which  is  a  sluggish,  turbid,  and  sometimes  turbulent  stream  draining  the  dreary  wastes  of  claj' 
and  marsli  of  southwestern  Tennessee.  The  main  street,  one  or  two  squares  back  from  the  head  of  the 
levee,  lies  substantially  on  the  crest  of  the  bluff.  Eastward  from  it  the  land  descends  with  a  good 
grade  to  a  natural  valley  from  two  to  four  or  five  squares  distant,  through  which  flows,  pretty  nearly 
at  the  level  of  Wolf  River  and  at  th*"  bottom  of  a  deep  and  irregular  gulch,  a  mere  thread  of  a  dirty 
stream  known  as  Bayou  Gayoso.  At  its  upper  end  in  the  southern  part  of  the  city  it  forks  frequent 
h',  becomes  shallow,  and  is  finally  lost  in  the  general  level  of  the  countiy  to  the  south  and  east. 
East  of  the  bayou  the  land  rises  again   until  the  general  level  of  the  back  country  is  reached. 

Bayou  Gayoso,  its  gulch,  and  the  low,  flat  lands  by  which  the  lower  part  of  its  course  is  bordered 
are,  naturally,  the  distinguishing  sanitary  feature  of  the  city,  owing  largely  to  their  relation  to  the 
floods  of  the  Mississippi,  to  which  reference  will   be  made  hereafter. 

In  1878  the  business  of  the  city  was  confined,  with  the  exception  of  a  few  important  cotton- 
yards  and  cotton  presses,  to  the  ridge  between  the  bayou  and  the  river.  The  more  closely  built 
residence  portion  of  the  city  was  here  also  ;  though  suburban  residences,  and  in  some  cases  closely 
built  blocks,  were  to  be  found  east  of  the  bayou  and  in  the  country  drained  by  its  tributary  forks 
toward  the  south.  The  city  was  practically  bankrupt  because  of  the  unrestrained  frauds  and  impo- 
sitions practised  by  those  who  obtained  control  of  its  government  during  the  period  of  revival  follow- 
ing the  war.  Collectively  its  people  were  prosperous,  and.  save  for  the  burden  of  excessive  taxation, 
they  had  nothing  to  complain  of.  The  high  death-rate,  always  prevalent,  was  not  complained  of  by 
those  to  the  manner  born,  because  it  had  always  been  accepted  as  an  inevitable  dispensation  of  Provi- 
dence and  because  those  who  had  been  drawn  there  by  the  speculative  attractions  of  the  cotton- 
trade  had  accepted  it  as  an   indispensable  risk  of  their  business. 

Every  man  who  went  to  Memphis  to  live,  and  every  man  born  there,  if  he  gave  thought  to  the 
subject,  accepted  its  extremely  unhealthful  condition  as  a  matter  of  course.  Precisely  what  that 
condition  was  is  very  well  suggested  by  the  following  summary*  of  the  epidemics  by  v\'hich  the  city  has 
been  afflicted  and  with  the  mortality  of  each  so  far  as  obtainable: 

1740. — Fever.     Bienville's  army  decimated.  1835. — Small-pox. 

1827. — Dengue,  or  break-bone  fever.  1842. — Influenza. 

1828. — Yellow  fever,  53  deaths.  1845. — Dysentery,  50  deaths. 

1832-3.— Cholera.     Severe.  1849. — Cholera,  about  400  deaths. 

1835. — Cholera,  about  52  deaths.  1853. — Jaundice,  erysipelas,  and  puerperal  fever. 

*  MS.   fiirni-hed  for  (lie  Tonlli  Census  by  J.  M.  Keating.  E'q.,  nf  Mcmpliis. 
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1855. — Yellow  fever,  220  deaths.  ■  i873- — Small-pox. 

i860. — Dengue,  or  break-bone  fever.  1873. — Cholera,  276  deaths. 

1867. — Yellow  fever,  550  deaths.  1878. — Yellow  fever,  5,150  deaths. 

1867. — Cholera,  600  cases  (deaths  unknown).  1879. — Yellow  fever,  485  deaths. 

1873. — Yellow  fever,  2,000  deaths. 

The  great  mortality  friim  the  epidemic  of  yellow  fever  in  1878,  spreading  ov^er  wide  reaches  of 
the  Mississippi  valley  but  especially  intensified  at  Memphis,  filled  the  whole  country  with  apprehen- 
sion and  aroused  even  members  of  Congress  to  a  momentary  consciousness  of  the  value  of  human 
life.  It  was  out  of  this  epidemic  that  the  National  Board  of  Health  grew,  as  it  was  out  of  the  fidelity 
with  which  it  performed  its  duty,  regardless  of  personal  and  political  aims,  that  its  subsequent  un- 
popularity in   Congress  arose 

Before  the  National  Board  could  be  organized  and  set  effectually  at  work  3-ellow  fever  broke 
out  again  in  Memphis  and  assumed  such  a  foothold  that  little  ct)uld  be  done  locall)'  to  prevent  its 
spread.  With  the  aid  and  under  the  guidance  of  the  Board,  the  city  was  very  nearly  depopulated  by 
the  removal  of  those  who  were  not  protected  by  previous  attacks,  and  the  commercial  relations  be- 
tween Memphis  and  other  points  on  the  river  and  on  the  railroads  was  taken  under  careful  control. 
The  total  mortality  from  yellow  fever  during  this  season  was  only  485. 

After  the  cessation  of  the  epidemic,  negotiations  v.'ere  entered  into  between  the  authorities  of 
Memphis  and  the  National  Board  of  Health,  looking  to  a  careful  sanitary  survey  of  the  city  and  to 
comprehensive  recommendations  to  be  formulated  by  the  Board  for  the  prevention  of  a  repetition  of 
the  sad  experiences  through  which  the  community  had  so  often  passed. 

The  matter  was  placed  in  the  hands  of  a  committee  of  the  Board,  consisting  of  Dr.  Billings, 
U  S.A.  ;  Dr.  Mitchell,  of  Memphis,  and  Dr.  Johnson,  of  Chicago.  The  committee  asked  the  profes- 
sional co-operation  of  Dr.  Folsom,  of  Boston  ;  Major  Benyaurd,  U.S.E.,  in  charge  of  government  work 
at   Memphis  ;    Dr.  Smart,  U.S.A.,  and  myself. 

At  the  annual  meeting  of  the  American  Public  Health  Association,  held  in  Nashville,  I  read  a 
paper  on  sewerage.  This  was  a  theoretical  paper,  written  only  to  elicit  discussion  and  in  no  respect 
with  reference  to  any  proposed  work.  It  so  happened  that  it  formulated  the  principles  which  weie 
subsequently  carried  out  in  the  sewerage  of  Memphis;  but  it  was  a  very  long  and  difficult  road  that 
had  to  be  travelled,  over  and  over  again,  before  the  execution  of  the  work  was  fairly  undertaken. 

The  details  of  the  operations  of  the  committee  and  its  experts  were  too  varied  and  tedious  to  be 
detailed  here.  They  included  frequent  meetings  and  discussions  with  the  authorities  of  the  city, 
with  its  prominent  citizens,  with  its  many  theoretical  sanitarians  whose  heads  were  full  of  promising 
schemes,  and  with  the  engineer  who  had  formulated  plans  for  a  combined  system  of  sewerage.  Dur- 
ing the  intervals  of  more  active  work  the  various  features  of  the  case  and  the  bearing  and  value,  or 
want  of  value,  of  the  numerous  projects  set  forth  from  day  to  day  occupied  our  unceasing  attention. 

During  this  time  Dr.  Reilly,  with  his  corps  of  inspectors,  was  busily  organizing  and  carrying  on 
the  house-to-house  inspection. 

What  is  of  chief  interest  here  is  the  fact  that  m}^  recommendations  for  sewerage — which  had  been 
from  the  outset  cordially  upheld  by  Major  Benj'aurd,  and  which  had  the  full  approval  of  Dr.  Folsom 
after  withdrawing  the  suggestion  that  the  flushing  might  be  done  with  sewage  instead  of  water  from 
the  public  supply — were  definitely  adopted  in  the  recommendations  of  the  committee,  and  were  accepted 
by  the  leading  men  in  the  government  and  in  the  communit}-.  I  had,  however,  to  make  three 
several  trips  to  Memphis  after  that  to  argue  down  opposition  that  had  sprung  up  in  unexpected  quar- 
ters. As  there  had  been  in  the  calamities  of  the  city  an  exaggeration  of  the  misfortunes  that  ordi- 
narily befall  American  communities,  so  there  were  exaggerated  instances  of  the  influence  of  unprac- 
tical theorists  and  stingy  landlords  working  repeatedly  to  undo  what  their  betters  had  done. 
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Finally,  everything  was  secured,  including  the  money  to  pay  for  the  work,  and  ground  was  broken 
January  21,  1880. 

There  has  always  been  more  or  less  talk  on  both  sides  of  the  question  as  to  the  influence  that 
this  work  has  had  on  the  death-rate  of  the  city.  It  has  been  credited  with  a  beneficence  that  its  sur- 
roundings have  never  allowed  it  to  exercise,  and  it  has  been  charged  with  a  failure  as  a  sanitary 
agent  due  entirely  to  collateral  conditions. 

The  sewerage  was  only  one  part  of  the  scheme  recommended  by  the  committee,  all  of  which  was 
important  and  some  of  which  was  very  necessary  to  a  successful   result. 

The  city  was  honeycombed  with  cesspools  and  privy-vaults;  many  of  these,  of  great  depth,  filled 
with  accumulations  and  abandoned,  were  in  the  cellars  of  the  houses.  Memphis  was  reeking  with  filth, 
under  the  surface  and  on  the  surface,  and  too  often  inside  as  well  as  outside  of  houses.  Its  water- 
supply  was  very  bad,  being  the  muddy  water  of  Wolf  River,  not  beyond  a  suspicion  of  filth-contam- 
ination. Bayou  Gayoso  was  a  receptacle  for  the  garbage  and  filth  of  a  large  part,  and  generally  a 
very  bad  part,  of  the  population.  Along  its  lower  course  it  is  bordered  by  lands  so  low  that  during 
floods  of  the  Mississippi  it  is  a  sort  of  reversed  Venice,  the  streets  alone  being  of  earth  and  all  else 
of  water  ;  the  houses  standing  on  piles  over  an  almost  stagnant  flood,  which  serves  indiscriminately  as  a 
source  of  water-supply  and  as  a  means  for  sewage  disposal.  The  sewerage  of  this  part  of  the  town 
by  gravity  was  impossible,  because  the  sewers  would  be  sure  to  stand  full  of  water  so  long  as  to 
become  silted  up  if  they  were  used  at  all.  Furthermore,  the  floods  of  the  Mississippi  usually  reach  their 
height  in  June,  receding  slowly  during  the  succeeding  weeks,  so  that  in  the  heat  of  midsummer  this 
tract,  from  which  the  water  has  recently  escaped,  is  coated  with  a  slimy  and  filthy  deposit  and  its 
depressions  are  filled  with  noisome  pools.  There  were  other  defective  conditions  relating  more  directly 
to  the  immediate  infection  of  houses  and  material  by  the  recent  epidemic,  but  the  foregoing  were  the 
basis  of  the  more  important  recommendations  of  the  committee. 

These  recommendations  were : 

That  all  cesspools  and  privy  vaults  should  be  emptied  of  their  filth  to  a  certain  depth  and  filled 
with  earth  ;  that  all  houses  within  the  district  possible  to  be  sewered  should  be  connected  with  sewers, 
and  the  disposal  of  household  wastes  in  any  other  way  than  through  the  sewers  should  be  absolutely 
prohibited. 

That  a  proper  supply  of  pure  water  should  be  furnished. 

That  the  valley  of  the  bayou  should  be  separated  from  the  Mississippi  by  a  dam  built  higher  than 
the  highest  floods,  with  valve-gates  for  drainage  during  low  stages  of  the  river  and  with  steam-pumps 
or  drainage  during  high  stages.  This  being  done,  the  low-lying  part  of  the  town  referred  to  was 
also  to  be  sewered  and  drained,  the  sewage  being  discharged  by  the  pump  whenever  the  water  of  the 
Mississippi  should   rise  high   enough   to   close   the  gates. 

Of  these  recommendations  the  first  only  has  been  carried  out  in  its  entirety,  the  second  is  now 
being  secured,  and  the  third  is  still  neglected. 

To  e.xpect  complete  sanitary  regeneration  with  the  existing  condition  of  the  bayou  and  its  adjacent 
low  lands,  and  so  long  as  the  water-supply  was  impure,  would  be  absurd.  It  has  always  been  main- 
tained, and  all  familiar  with  the  subject  must  agree  with  the  opinion,  that,  while  the  public  health 
may  be  to  a  considerable  degree  improved  by  the  fact  that  so  large  a  part  of  the  population  have 
ample  and  sufficient  sewerage  facilities,  the  death-rate,  as  a  test  of  the  success  of  this  work,  is  entirely 
vitiated  by  the  non-fulfillment  of  the  other  imperative   requirements. 

There  is  no  reason  to  suppose  that  the  low  lands  subject  to  submersion  are  less  unhealthful  for 
residence  than  they  have  always  been,  and  it  is  probable  that  an  increase  of  their  population  makes 
them  more  so.  Neither  is  there  reason  to  suppose  that  Memphis  has  secured  excmi^tion  from  yellow 
fever   and    cholera;    for    the    extremely    unfavorable   conditions   of   life    of    that    part    of   the   population 


Plate  III, 


THE   SEWERAGE   OF  MEMPHIS.  W] 

occupying  the  bayou  lands  are  such  as  to  invite  cither  of  those  diseases  and  to  develop  an  outbreak 
of  either  into  a   serious  epidemic. 

So  long  as  this  condition  exists,  the  chief  good  done  to  the  world  bj  the  sewerage  of  Memphis 
lies  in  the  demonstration  of  the  engineering  correctness  of  the  system  there  first  brought  into  use; 
though,  of  course,  this  work  constitutes  also  the  longest  and  most  costly  step  toward  the  complete 
ultimate    sanitary    improvement  of  the  city. 

That  such  a  town,  impoverished  by  a  dishonest  government,  disheartened  by  a  most  serious 
epidemic  extending  over  two  years,  and  without  financial  credit,  should  have  done  so  promptlj-  and 
so  thoroughly  the  work  that  it  did  do  must  ever  redound  to  the  great  credit  of  its  people  and  of 
its  rulers. 

The  total  length  of  the  sewers  constructed  during  the  five  years  after  the  work  was  begun  was 
about  37  miles,  built  at  a  cost  of  $284,700.  Subsequent  extensions  carry  the  total  length  to  about 
44    miles. 

So  far  as  I  am  informed,  I  believe  that  this  work  is  entirely  satisfactory  to  the  people  of  Mem- 
phis. But  a  curious  and  interesting  tale  might  be  told  of  the  distrust  and  opposition  which 
obstructed  every  early  step  of  the  improvement.  The  grumbHng,  the  suspicion,  and  the  desire  to 
avoid  taxation  which  are  everywhere  incident  to  the  establishment  of  such  improvements  were  here 
increased  by  the  peculiar  character  of  the  municipal  government — the  city  charter  having  been 
revoked  to  facilitate  an  escape  from  the  bonded  debt,  and  all  the  affairs  of  the  city  being  controlled 
by  an    honest,   energetic,   and    intelligent    despotism. 

THE   PLAN   OF   THE   WORK   AND   ITS   EXECUTION. 

The  system  of  sewerage  adopted  is  substantially  that  described  in  a  paper  on  the  sewerage  of  cities 
read  at  Nashville  and  reprinted  in  Chapter  III. 

It  became  necessary  as  a  measure  of  enforced  economy  to  omit,  on  all  but  the  main  sewer,  the 
man-holes  included  in  the  description,  and  it  was  found  after  a  portion  of  the  work  had  been  com- 
pleted and  brought  into  use  that  special  fresh-air  inlets  are  not  needed,  particularh-  where  untrapped 
house-drains  and  soil-pipes  are  brought  into  free  communication  with  the  air  at  the  tops  of  houses  of 
different  height,  offering  different  exposure  to  the  wind  and  differently  affected  by  the  temperature  of 
the  outer  air  or  by  that  of  the  houses  through  which  they  pas?,  the  same  soil-pipe  serving  as  an  inlet 
or  as   an   outlet,  according   to   wind  and   temperature.     Only  seven    of   these  special   inlets  were  built. 

With  these  exceptions  the  work  was  executed  precisely  according  to  the  specifications  so  long  as 
it  remained  subject  to  my  control,  and  Mr.  Baldwin,  who  made  a  careful  investigation  of  the  whole 
subject  in  the  spring  of  1884,  writes  that  no  changes  have  been  introduced,  the  work  being  carried 
on  at  that  time  precisely  as  it  had    been   four  }'ears  earlier. 

The  general  alignment  and  arrangement  are  indicated  by  the  accompanj-ing  map,  showing  the 
work  as  completed  up  to  the  time  of  suspending  operations  in  the  summer  of    1880  (Plate  III.) 

The  main  outlet  sewer  delivers  into  Wolf  Ri\'er  in  the  rear  of  the  jail.  It  runs  on  the  west  side 
of  the  bayou  and  drains  the  principal  portion  of  the  most  closely  occupied  part  of  the  city.  At  the 
outlet  it  is  20  inches  in  diameter,  of  brick,  and  continues  thus  as  far  as  Jackson  Street,  where  it  re- 
ceives a  sub-main  laid  east  of  the  bayou  and  draining  a  wider  but  thus  far  a  less  populous  area.  From 
Jackson  Street  to  Hernando  Street  the  west  main  is  of  fifteen-inch  vitrified  pipes.  It  is  laid  on  a 
uniform  grade  tliroughout  its  whole  length  of  i  to  600.  The  sub-main  east  of  the  baj'ou  is  a  twelve- 
inch   pipe    laid,   at  least  for  a  long  distance,  on  a  grade  of   i   to  400. 

The  sub-mains  and  laterals  are  nearly  all  6  inches  in  diameter.  In  a  few  cases  where  a  considerable 
length  of   laterals  is  connected  with    one  sub-main  its  size  is  increased    to  8  inches  or  even   10  inches. 
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iVs  the  contour  lines  indicate,  except  along  the  bayou,  the  sewered  district  has  very  fair  inclina- 
tions, so  that   it  was  rarely  neccssar)-  to  la)'  six-inch  pii)es  on  a  flatter  grade  than    i    to  200. 

It  was  a  \-ery  simple  matter  in  a  city  with  rectangular  streets,  and  with  alleys  through  ncarl}'  all 
its  blocks,  to  la)'  out  on  paper  an  alignment  which  would  satisfy  all  of  the  theoretical  and  practical 
needs  of  the  case.  The  execution  of  the  work  was  cjuite  another  affair.  It  was  after  the  middle  of 
January  when  all  objections  had  been  overcome  and  when  the  authorities  were  ready  to  order  work 
begun.  There  was,  fortunately,  a  good  survey  of  the  city  sufficient  for  preliminary  plans,  but  there 
was  no  engineer  on  the  ground,  there  were  no  tools,  no  experienced  foremen,  and  no  pipes.  Every- 
thing had  been  arranged  for,  but  nothing  had  yet  been  ordered.  The  streets  generally  were  unpaved 
and  almost  impassable.     Rain  was  frequent  and  the  mud  was  deep. 

We  managed  to  break  ground  on  the  21st  day  of  January.  Engineers,  inspectors,  foremen,  ma- 
terial, and  tools  were  got  together  with  the  greatest  expedition  and  the  work  went  on  apace.  During 
the  three  months  following  its  beginning,  however,  fully  five  weeks'  time  was  lost  by  reason  of  the 
pitiless  rain  of  that  region.  We  had  on  the  ground,  at  one  time,  seventeen  assistant  engineers,  only 
two  or  three  of  whom  had  ever  had  anything  to  do  with  the  construction  of  pipe-sewers,  and  very  few 
of  whom  had  even  built  brick  sewers.  The  inspectors  and  foremen  had  had  no  better  preparation 
and  the  laborers  were  by  no  means  a  good  average. 

However,  despite  all  these  drawbacks,  within  four  months  after  breaking  ground  we  had  laid  the 
whole  of  the  west  main,  the  sub-main  east  of  the  bayou,  and  all  of  the  laterals  shown  on  the  map  of 
1880,  making  a  total  length  of  over  18  miles,  with  152  flush- tanks  and  with  four-inch  house-connecting 
drains  extended  from  the  sewer  to  the  sidewalk,  or  in  alleys  to  the  line  of  each  private  property. 
This  achievement  would,  I  believe,  have  been  impossible  but  for  the  exceptional  skill,  knowledge,  and 
devotion  of  my  chief  assistant,  Mr.  Edward  Clarence  Metcalf,  for  whom  no  day  was  too  long,  no 
difficulty  too  great,  and  no  weather  too  severe.  He  paid  the  penalty  of  his  devotion  when  his  work 
was  done,  dying,  at  the  age  of  twenty-three,  from  a  malarial  fever  brought  on  by  exposure  and  made 
fa.tal    by  overwork. 

Little  need  be  said  in  this  connection  about  the  methods  of  construction  here  adopted.  They 
are  all  set  forth  substantially  in  the  descriptive  portions  of  this  book.  The  six-inch  pipe  sewers  were 
all  laid  with  the  use  of  an  adjuster  holding  the  ends  concentric  while  cementing,  and  whenever  the 
ground  in  the  trenches  was  unsound,  as  it  very  often  was,  saddle-piles  were  used  for  supporting  the 
pipes.  The  effect  of  these  saddle-piles  was  most  marked.  I  remember  very  well  the  apprehension  of 
Dr.  Mitchell,  of  the  National  Board  of  Health,  resident  in  Memphis  and  constantly  inspecting  the 
work,  lest  a  certain  sewer  should  have  got  so  much  out  of  line  as  to  have  its  continuity  interrupted. 
He  had  seen  men  standing  in  the  trench  nearly  knee-deep  bailing  out  the  mud  and  water  with  a 
bucket  while  the  pipe-men  were  getting  the  joints  adjusted  and  cemented.  He  believed  that  in  such 
utterly  unstable  ground  it  must  be  impossible  to  fill  the  trenches  without  destroying  the  sewer.  For 
his  satisfaction  a  long  excavation  was  made  at  one  side  of  the  pipe  ;  on  the  other  side  there  had  been 
laid  an  agricultural  tile  drain  to  dry  the  ground.  We  dug  down  below  the  invert  of  the  sewer,  finding 
the  ground  for  the  whole  depth  perfectly  dry  and  friable  and  the  sewer  perfectly  stable,  without  so 
much  as  a  crack  in  its  joints.  In  this  place,  and  in  a  number  of  others,  it  would  have  been  impossible 
to  secure  a  good  foundation  for  the  pipes  in  any  other  way  without  a  great  expenditure  of  labor  and 
material.  These  saddle- jnlcs  were  generally  only  2i  feet  long,  but  in  some  instances,  as  in  the  one 
referred  to   above,   they   were   from   4  to   6   feet  long. 

The  sewerage  has  been  continued  since  1880  under  the  direction  of  the  city  engineer,  with  assis- 
tants who  have  been  on  the  work  from  the  start.  It  now  extends  throughout  nearly  all  of  the  occu- 
pied portions  of  the  city,  as  shown  by  the  sewer  map  of    1884   (Plate  IV.) 
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The  plan,  as  a  plan,  has  met  with  criticism   in  three  particulars  which  call  for  explanation  : 

1.  The  only  outlet  is  that  in  Wolf  River,  which  is  not  a  good  point  of  outlet  at  ordinary  times. 
It  was  selected  as  the  most  speedy  means  of  relief  during  construction,  and  as  one  that  would  always 
be  useful  during  high  stages  of  the  river;  but  the  plan  as  adopted  contemplated  the  extension  of  the 
outlet,  mainly  with  iron  pipe,  for  a  distance  of  nearly  half  a  mile  to  low  water  of  the  Mississippi  River. 
The  pipe  was  bought  for  this,  but  it  is  said  to  have  been  sold  again.  At  all  events,  the  unoccupied 
tract  through  which  the  sewer  was  to  have  been  laid  has  been  given  over  to  railroads  and  cotton- 
presses  and  other  industries,  until  its  construction,  or  the  execution  of  any  substitute  for  it,  must  be 
very  difficult  and  costly.  It  ought  not  to  be  forgotten,  however,  that  such  an  outlet  into  the  Missis- 
sippi was  a  part  of  the  original  plan,  and  is  essential  to  its  proper  completion. 

2.  The  main  sewer  has  several  times  been  overcharged  so  as  to  overflow  into  the  bayou,  and  so 
as  to  indicate  that  it  is  not  large  enough  for  the  enormous  demand  upon  it  during  seasons  when  to 
protect  pipes  from  freezing  every  householder  in  the  city  opens  his  faucets  and  lets  the  water  run. 
The  population  of  the  district  served  by  this  main  has  in  the  meantime  fully  doubled.  In  fixinrr  the 
necessary  economies  of  the  work  it  was  determined  that  the  main  sewer  should  be  made  laro-e  enough 
only  for  present  and  immediately  prospective  needs,  and  on  a  basis  of  water-consumption  of  only  40 
gallons  per  head  per  day.  It  was  an  argument  frequently  advanced  by  the  members  of  the  council 
in  discussing  the  plan  that  it  would  not  be  necessary  now  to  build  large  mains  ;  that  at  a  future  da\-, 
when  they  could  more  conveniently  pay  for  them,  additional  ones  could  be  built  if  rctpiired.  I  now 
regret  that  I  did  not  overrule  this  decision,  as  I  might  have  done,  but  I  could  not  foresee  the  enormous 
flood  of  waste-water  that  has  since  been  delivered.  With  a  proper  reduction  of  waste,  the  present 
main   would  be  amply  large  for  years    to  come.* 

3.  The  omission  of  man-holes  on  small  laterals.  The  only  reason  for  this  omission  — the  need  for 
economy--has  already  been  described,  but  the  success  of  substitutes  for  man-holes  has  been  so  satis- 
factory that  were  I  to  do  the  work  over  again   I   should  omit  them   by  preference. 

Some  criticisms  having  been  made  as  to  the  working  of  the  Memphis  system,  and  these  having  in- 
cluded the  statement  that  such  features  of  the  work  as  were  novel  had  been  abandoned,  I  requested 
William  H.  Baldwin,  Esq.,  C.E.,  who  was  engaged  on  the  construction  of  the  work  in  1S80,  to  visit 
Memphis  to  make  a  searching  examination  as  to  the  operation  of  the  system,  the  chan<Tcs  effected 
in    it,  and   th.e   methods   of    construction    then    in    use. 

He  reported  as  follows : 

"Buffalo,  N.  Y.,  June  4,  1884. 
"Col.  Geo.  E.  Waring,  Jr.: 

''Dear  Sir :  The  accompanying  notes  on  the  sewerage  of  Memphis  are  derived  from  careful  ob- 
servation and  inquiry  made  during  a  visit  to  that  city  in  March  last.  I  went  to  Memphis  to  satisfy 
myself  about  the  practical  working  of  its  sewers,  and  also  to  ascertain  to  what  extent  they  had  been 
modified  or  reconstructed.  I  spent  nearly  a  week  in  patient  investigation  and  inquiry,  examined  the 
flush-tanks  and  the  main  and  lateral  sewers  at  all  available  points,  and  questioned  everybody  con- 
nected with  the  work,  or  who  appeared  to  know  or  care  about  it.  I  could  by  no  means  find  any 
evidence  that  the  sewerage  works  had  been  modified  or  changed  in  any  essential  feature,  nor  that 
any  part  had  been  reconstructed,  excepting  some  repairs  made  necessary,  usually,  by  settlement  of  the 
ground  on  which  the  pipes  were  laid.  On  the  contrary,  I  found  that  a  good  many  miles  of  pipes 
had  been  laid,  and  the  work  is  still  being  extended  on  the  same  principles  as  originally  designed. 
And  I  recognized  the  same  workmen  I  knew  in  18S0,  and  saw  them  layin.g  pipe  just  as  they  were 
instructed    to    do    at    that    time.       I    came   away    strongly    impressed    with    the    amount    of   service    that 

*  Tliis  ilitTiciiIty  has  recently  lieen  met  by  tlic  coiistiuciion  of  a  twciity-foiir-iiicli  niaiii  imilct  inlo  the  Mississippi  River, 
tunnelling  throiigli  the  bluff  under  the  line  of  Monroe  Street,  and  intercepting  the  upper  portion  of  both  mains;  so  thai  below 
Monroe    Street    ihey   now   have   3   much   smaller   district  to  serve  and   are   amply  large. 
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can  be  secured  from  a  system  of  six-inch  pipes,  and  with  the  decided  improvement  in  the  atmos- 
pheric condition  of  a  city  supphcd  with  sewers  compared  to  Memphis  as  I  first  knew  it  in  the 
spring  and  summer  of  1880.  Very    respectfully, 

"Wm.  Henry  Baldwin." 

"notes  on  the  sewerage  of  memphis. 

"March  29,   1884. 

"  Outlet. — When  the  sewers  were  laid,  in  18S0,  a  twenty-four-inch  iron  pipe  from  the  jail,  dis- 
charging into  Wolf  River,  was  improvised  as  a  temporary  expedient,  intended  only  to  be  brought 
into  use  by  means  of  a  switch  whenever  the  river  should  be  unusually  high.  For  various  reasons 
the  construction  of  the  permanent  outlet,  originally  designed  to  discharge  into  the  Mississippi  River, 
has  been  postponed  from  time  to  time,  and  now  the  ground  on  which  it  was  located  is  covered  by 
buildings  and  railroad  tracks,  and  it  is  not  likely  that  an  outlet  sewer  will  ever  be  laid  along  this 
line.  The  effect  of  discharging  sewage  into  the  Wolf  River  is  not  likely  to  be  appreciable  upon 
the  water-supply — the  intake  of  \\hich  is  a  mile  and  a  quarter  distant — as  the  current  is  invariably 
in    the  opposite   direction. 

"  Main  Lines. — The  current  of  water  in  the  main  sewers  is  swift  and  rapid,  but  not  strong  enough 
to  carry  along  some  heavy  things,  such  as  brick-bats,  bones,  pieces  of  iron,  broken  glass  and  crockery, 
etc.  These  have  ne\'er  been  allowed  to  accumulate  in  sufficient  quantity  to  cause  a  stoppage.  For 
convenience  of  their  removal  man-holes  have  been  built  along  the  main  sewers  at  convenient  inter- 
vals, and  it  is  customary  to  drag  a  rope  and  steel  brush  through  the  main  sewers  about  once  a 
month.  This  applies  only  to  sewers  ten  inches  or  more  in  diameter.  No  such  cleaning  has  been  re- 
quired  upon  the  lateral  sewers. 

"  Stoppages. — These  have  occurred  in  lateral  sewers  onh-  (that  is  to  sa}%  in  sewers  of  si.x  inches  and 
eight  inches  in  diameter).  They  are  almost  invariably  caused  by  a  splinter  of  wood,  a  carpenter's 
rule,  a  bone,  a  bottle,  or  some  such  thing  a  little  longer  than  the  diameter  of  the  sewer,  get- 
ting crosswise  and  holding  back  floating  matter,  paper  and  rags,  until  the  sewer  becomes  stopped. 
These  stoppages  are  grouped  together  on  a  few  lines,  and  are  principalh'  in  the  neighborhood  of 
public  schools,  shops,  etc.,  only  a  few  having  occurred  in  localities  occupied  by  the  better  class  of 
residences.  In  some  places  where  such  stoppages  have  repeatedly  occurred  man-holes  have  been  built 
for  convenience  of  access.  The  whole  number  so  built  on  lateral  sewers  is:  Four  on  the  six-inch  line  in 
the  alley  south  of  Adams  Street,  all  within  a  single  block  less  than  700  feet  in  length ;  two  on  the 
six-inch  line  in  the  alle}-  south  of  Market  Street,  300  feet  apart,  one  above  and  the  other  below  a 
public  school ;  and  two  on  the  eight-inch  line  in  Adams  Street  and  Lauderdale  Street,  600  feet  apart, 
where  the  sewer  is  deep  and  it  was  thought  best  to  build  [use  ?]  man-holes  already  made  for  another 
purpose  rather  than  take  the  risk  of  having  to  dig  the  sewer  up  again.  The  whole  number  of  man- 
holes on  all  the  lateral  sewers  in  the  city  is  eight,  and  the  whole  length  of  sewers  on  all  these  lines 
within  access  of  man-holes  is  less  than  half  a  mile.*  No  sewer  has  yet  become  stopped  by  the  grad- 
ual silting-in  of  deposits,  and  no  six-inch  line  has  yet  been  known  to  run  full  of  water  unless  when 
temporarily   obstructed.     Even    the    longest   lines  usually  run   only  about   one-fourth    full. 

''Extensions. — Sewers  have  been  extended,  especially  on  the  cast  side  of  the  city,  to  a  distance 
sometimes  as  great  as  two  thousand  feet  from  the  mains.  Such  extensions  and  all  recent  work  are 
built  in  exact  conformity  to  the  methods  originally  used,  except  that  at  intervals  of  one  hundred  feet 
a  pipe  with  an  opening  [hand-hole  f]  in  the  top  is  laid,  the  opening  being  closed  by  a  saddle-cover  that 
can  be  removed  in  case  of  need  to  examine  the  inside  of  the  sewer  without  breaking  a  pipe.  This  is 
a  precaution  deemed  by  the  authorities  to  be  well  worth  all  it  costs,  which  is  less  than  one  cent  for 
each  foot   of  sewer.     No   essential  feature   of  the   original  work  has   been   abandoned  or   ehanged. 

''Flush-Tanks. — These  have  done  good  service  whenever  water  can  be  secured  to  operate  them. 
The  muddy  character  of  the  w.,ter  furnished  by  the  public  works  sometimes  causes  the  supply  pipes 
to  become  stopped.  It  is  believed  that  with  clear  water  no  such  difificulty  would  be  experienced. 
The  chief  dut}'  of  the  inspector  is  to  clean  out  tlie   mud  so  deposited.       The  effect   of    the  flush   is  not 

*  The  whole  length  of  lateral  sewers  is  more  ilian  thirty  miles. — G.  E.  W.,  Jr. 

t  Every  third  hand  hole  is  carried  up  10  within  two  feet  of  the  surface,-  with  a  stand-pipe. — G.  E.  W.,  Jr. 
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only  to  wash  out  the  sewer,  but  also  to  force  air  through  the  house-drains,  which  it  has  been  fre- 
quently observed  to  do   with  considerable    power. 

"  Rain-Wat cr. — The  flow  of  water  in  sewers  is  perceptibly  increased  in  time  of  rain.  The  rise  and 
decline  are  so  sudden  as  to  make  it  appear  that  water  enters  directly  froiti  roofs  or  yards  rather  than 
hy  seepage  from  the  ground.  It  is  contrary  to  law  for  rain-water  to  be  discharged  directly  into  the 
sewers,  but  this  is  sometimes  done,  notwithstanding  the  law  and  the  inspection  of  city  ofificials.  It 
should  be  considered  that,  with  these  very  small  sewers,  even  a  few  infractions  of  the  law  would 
produce  a  marked  effect. 

"  Overflows. — During  winter  it  has  been  found  that  a  large  amount  of  water  is  wasted  by  leaving 
taps  running  to  avoid  freezing  in  the  pipes.  To  provide  for  such  waste  water,  and  for  this  purpose 
07ily,  five  overflows  were  made,  three  on  the  east  side  and  two  on  the  west,  discharging  into  the 
bayou.  These  overflows  are  built  over  the  tops  of  the  main  sewers,  and  only  come  into  use  when 
the  mains  are   overcharged. 

"  Subsoil  Drainage.  —  The  effect  of  the  subsoil  drains  is  very  marked  in  reducing  the  level  of 
ground-water.  This  is  noticeable  in  making  house-connections  with  the  sewers,  in  laying  street  pave- 
ments, and  in  the  general  condition  of  the  surface  of  the  ground.  It  was  specially  observed  in  the 
winter  and  spring  of  1884,  which  was  an  unusually  wet  season,  that  the  streets  did  not  become  so 
bad,  and    dried    away  much   more    quickly  than    they  used    to    do    before    the    subsoil    drains    were    laid. 

"  Sanitary  Effect. — The  change  in  the  atmospheric  condition  of  the  city  is  very  marked  since  the 
removal  of  privies  and  cess-pools  from  back-yards  and  alleys.  The  practice  of  throwing  slops  on  the 
ground  has  been  discontinued  to  a  great  extent,  since  the  sewers  have  afforded  a  more  convenient 
means  of  disposal.  The  contrast  is  very  great  from  the  condition  conspicuously  observed  before 
sewers  were  built. 

"  Neither  in  removing  obstruetions,  in  elcansing  the  main  sewers,  nor  in  eonnecting  house-drains  is 
the   odor   of  sewer-gas   ever   observed." 

Mr.  Baldwin's  report  is  sustained  by  the  following  certificate,  signed  by  all  the  city  officials  who 
have  ever  had  anything  to  do  with  the  construction  or  care  of  the  sewers  since  Major  Humphreys 
and  I  ceased  to  control  them. 

"  We  hereby  certify  to  the  correctness  of   the  statements  as  made  in  the  above  report. 

"  NiLEs  Meriwether,  City  Engineer, 
"Anthony  Ro.sS,  Jr.,  Supt.  Sewers, 
"J.  F.  Fischer,  Ass'i  Supt.  of  Sewers, 
"A.  J.  Murr.w,  Chief  Ass  t  Engineer." 

A  recent  communication  from  Major  Humphreys  to  Engineering  Netvs  fully  sustains  Mr.  Bald- 
win's statements.  Major  Humphreys  not  only  carried  the  Memphis  work  well  toward  completion,  he 
made  plans  for  the  application  of  the  same  system  in  a  number  of  other  places,  and  he  had  full  control 
of  the  construction  of  the  system  in  Norfolk  until  all  its  essential  features  except  the  siphon  were 
established. 

While  I  do  not  claim  especial  credit  for  what  I  have  done  in  this  case,  I  naturally  desire  to  avert 
the  effect  of  mistaken   criticism.  . 

The  report  of  the  city  engineer  for  the  year   1886  closes  with  the  following  statement: 

"Thus  far  no  fault  can  be  found  with  the  manner  in  which  this  system  has  worked.  The 
excessive  quantity  of  mud  in  the  water  is  our  chief  cause  of  trouble,  the  small,  three-quarter-inch 
supply  pipes  of  the  flush-tanks  becoming  clogged  with  mud,  making  it  necessary  to  replace  these  in 
high    places   with  large    pipes. 

"  With  clear-settled  or  filtered  water  all  this  trouble  will  cease  and  the  whole  system  will  work  to 
a  charm." 
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BAYOU   GAYOSO. 


Bayou  Gayoso  is  a  deep  ravine  running  through  the  c'ty  of  Memphis  in  a  direction  ger .-rally 
parallel  with  the  Mississippi  River,  and  discharging  into  Wolf  River.  It  is  the  only  drainage  outlet 
of  nearly  the  whole  city  area.  The  recommendations  that  were  made  by  the  National  Board  of  Health 
Committee  for  the  improvement  of  the  sanitary  condition  of  the  city  included  a  radical  modification 
and  improvement  of  this  ravine. 

Where  Second  Street  crosses  the  bayou  by  a  bridge  the  depth  of  the  valley  below  the  surface 
of  the  street  is  about  20  feet ;  a  dam  was  to  be  substituted  for  the  bridge,  shutting  off  all  communicn- 
tion  between  the  valley  and  Wolf  River  save  for  a  trunk  4  feet  square  through  the  bottom  of  the  dam, 
the  top  of  this  trunk  being   level  with  the  bed  of  the  ba)'ou  on  the  down-stream  side. 

To  provide  for  the  heavy  floods  frequent  during  the  summertime,  which  raise  the  stream  in  the 
bayou  far  beyond  the  capacity  of  the  trunk  to  discharge  it,  the  top  of  the  dam  was  to  be  provided 
with   gates   opening   outward    occupying  a  width   of  20   feet,    with,   a   height   of  opening   of  5   feet. 

At  the  head  of  the  trunk  ihere  was  to  be  placed  a  Fijnje  pump  The  size  of  this  pump  was  to 
be  the  same  as  the  size  of  the  trunk,  and  it  was  to  form  its  up-stream  end.  This  pump  is  divided 
by  a  diaphragm  into  an  upper  and  a  lower  chamber,  each  end  of  each  chamber  being  closed  by  iron 
shutter-valves  opening  in  the  direction  of  the  current.  So  much  of  it  as  is  thus  far  described  would 
be  a  natural  sluiceway  divided  into  two  equal  channels,  each  channel  being  provided  with  self-closing 
gates  to  permit  a  flow  in  the  direction  of  the  stream  and  to  prevent  a  back  flow.  During  ordinary 
stages  of  the  Mississippi,  and  much  more  than  ordinary  stages  of  the  bayou  brook,  the  natural  dis- 
charge would  be  through  this  sluiceway  and   its  gates  as  through  any  other  flap-valve  gates. 

During  high  stages  of  the  Mississippi  it  would  be  necessary  to  force  a  movement  of  water  through 
the  sluice  by  mechanical  power.  For  this  purpose  a  cylinder  24  inches  in  diameter  and  24  inches 
long,  open  at  both  ends,  was  to  pass  through  the  diaphragm,  extending  equally  into  the  upper  and  into 
the  lower  chambers.  In  this  cylinder  a  piston,  actuated  by  a  piston-rod  passing  through  a  packing- 
box  in  the  top  of  the  sluice  and  connected  with  a  steam-head  at  the  street-level,  being  moved  up  and 
down  throughout  its  whole  length  During  its  descending  stroke  water  would  be  drawn  into  the 
upper  chamber  through  the  inlet  gates  and  a  corresponding  amount  driven  out  of  the  lower  cham- 
ber through  the  outlet  gates.  During  the  up-stroke  the  flow  would  be  reversed,  being  drawn  into 
the  lower  chamber  and   forced  out  of  the  upper  chamber. 

This  pump,  which  has  been  used  on  a  very  large  scale  for  polder  drainage  in  Holland  for  more 
than  thirty  years,  and  which  I  have  used  in  smaller  form  for  swamp  drainage  in  this  country,  is  simple, 
inexpensive,  and  practical.     It  is  illustrated   in   Chapter  XXVIII. 

By  its  use  it  would  have  been  possible  to  keep  the  bayou  drained  down  to  the  level  of  its  ordi- 
nary stream  during  the  whole  period  of  high  water  in  the  Mississippi,  and  to  discharge  the  remaining 
accumulation  of  heavy  storms  occurring  during  low  water  of  the  Mississippi  before  it  could  do  harm. 
That  is  to  say,  if  this  improvement  had  been  carried  out  the  ordinary  flow  of  the  bayou  during  low 
water,  and  the  sewage  delivered  at  the  head  of  the  pump  by  the  system  of  sewers  laid  in  the  lower 
levels  of  the  town  above  described,  would  flow  away  by  gravity.  During  high  stages  of  water  both 
bayou  flow  and  sewage  would  be  promptl)'  discharged  by  the  operation  of  the  pump.  During  heavy 
storms  at  time  of  low  water  the  great  flood  would  pass  through  the  upper  gates,  and  the  accumulated 
remainder  would  flow  off  through  the  sluice.  .Sucli  storms  occurring  during  high  water  would  find 
their  outlet  in  like  manner  through  the  upper  gates,  and  the  accumulation  would  be  forced  out  against 
the  head  below  the  dam  by  pumping.  The  condition  of  the  bayou  as  to  drainage  would  be  brought 
completely  under  control. 
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This  would  have  mule  possible  the  complete  drainage  of  a  large,  low-ljing  area  which  under  present 
conditions  cannot  be  properly  sewered,  and  which  is  a  constant  menace  to  the  sanitary  condition  of 
the  city. 

Such  control  being  secured,  it  was  proposed  that  there  should  be  a  properly  finished  water-way, 
regularly  graded  and  with  proper  alignment,  in  the  bottom  of  the  valley  at  least  as  far  as  its  forks 
south  of  Hernando  Street.  The  sides  of  the  bayou,  which  are  now  rough,  precipitous,  and  changeable, 
and  which  at  the  time  of  our  inspection  were  used  as  a  dumping-ground  for  rubbish  and  garbage,  were 
to  have  been  properly  sloped  and  sodded.  It  was  also  suggested,  though  beyond  the  pro\-ince  of  the 
committee  to  recommend,  that  a  sufficient  width  at  each  side  of  the  bayou  be  condemned  and  taken 
as  a  public  park,  in  order  that  its  banks  might  be  properly  protected  against  defilement  and  that  the 
advantages  of  a  parkway   through  the   heart  of    the   town   might   be  secured. 

While  there  are  thus  far  no  evidences  of  a  disposition  to  execute  the  foregoing  recommenda- 
tions, it  seems  clear  that  these  or  their  equivalent  must  sooner  or  later  be  carried  into  effect.  A 
large  and  prosperous  city  like  Memphis  cannot  long  allow  such  a  nuisance  as  the  bayou  to  continue 
in  the  very  midst  of  its  population,  nor,  snrely,  can  the  low  lands  bordering  the  lower  part  of  the 
bayou  and  occupied  by  a  considerable  population  safely  be  permitted  to  remain  in  their  present  un 
sewered  condition. 


CHAPTER   XIII. 

THE  SEWERAGE  OF  NORFOLK. 

IN  the  spring  of  1881  I  made  an  examination  of  the  city  of  Norfolk  with  a  view  to  its  sewerage. 
The  following  extracts  from  my  preliminary  and  final  reports,  together  with  the  appended  map 
of  the  city  and  proposed  plan  of  sewerage,  Plate  V.,  will  give  a  sufificient  idea  of  the  conditions  then 
existing  and  of  the  plan  prepared   for  their  improvement : 

The  difificulties  to  be  overcome  are  palpable  and  serious — more  so  than  they  seemed  at  the  outset. 
Norfolk  is  a  low-lying  city,  its  highest  point  being  only  twelve  feet  above  ordinary  low  water,  and  considera- 
ble areas  being  very  much  lower  than  this.  The  natural  soil,  while  of  a  retentive  character  near  the  surface, 
is  generally  underlaid  by  a  porous  material  of  considerable  depth,  which  affords  throughout  a  large  part  of 
the  city  an  easy  means  for  the  removal  of  subsoil  water.  In  other  portions,  formerly  marshes,  the  surface  has 
been  raised  without  due  regard  to  effective  drainage,  and  in  many  cases — as  along  the  south  front  between 
Water  Street  and  the  river  line,  and  east  of  Nebraska  Street ;  about  the  eastern  end  of  Cove  Street,  and 
throughout  the  Cove  Street  valley,  west  of  Chesapeake  Street,  as  well  as  along  a  branch  of  that  valley  to  be- 
yond Freemason  Street — the  filling  has  been  done  with  material  which  has  had  the  effect  of  seriously  retard 
ing  the  flow  of  underground  water. 

At  many  points  along  the  shore  of  the  city  and  along  the  borders  of  creeks  originally  extending  in- 
land, by  a  natural  process  of  filling  up,  the  domestic  waste  and  surface  wash  of  the  streets  have  formed  de- 
posits of  a  pernicious  character. 

However  serious  may  have  been  the  original  effect  of  these  conditions,  they  have  been  very  much  ag- 
gravated by  the  recent  introduction  of  a  copious  water-supply,  whereby  organic  wastes  have  been  and  are 
being  widely  distributed  in  the  soil.  Another  serious  difficulty,  indeed  much  the  most  serious  of  all,  has 
resulted  from  the  universal  custom  of  depositing  the  wastes  of  the  population  in  cesspools  and  privy-vaults 
throughout  the  entire  city — these  penetrating  the  impervious  upper  stratum  and  distributing  their  contents 
throughout  the  lower  porous  material. 

The  defects  above  indicated  are,  as  time  goes  on,  assuming  a  more  and  more  serious  aspect,  and,  so 
far  as  reliance  is  to  be  placed  on  the  indication  of  sanitary  study,  Norfolk  is  now  in  a  fundamentally  un- 
sound condition,  which  condition  must  necessarily  grow  worse  with  time.  There  can  be  no  doubt  of  the 
wisdom  and  radical  economy  of  undertaking  at  once  such  works  of  improvement  within  reach  of  the  city's 
financial  ability  as  will  secure  a  radical  removal  of  these  defects.  To  secure  this  will,  in  my  judgment,  be 
easy,  the  work  to  be  done  dividing  itself  naturally  under  four  heads  : 

1.  The  entire,  immediate,  and  complete  removal  of  the  organic  wastes  of  human  life,  and  of  all  un- 
due soil  moisture. 

2.  The  quick  and  complete  removal  of  storm-water  accumulating  at  certain  points  during  heavy  rains 
to  such  a  degree  as  to  interfere  with  traffic,  and  to  overflow  the  surface  of  the  streets  and  of  private  pro- 
perty. 

3.  The  cleansing   and   deepening  of  the  water  at  certain  points  along  the  city's  borders. 

4.  The  substitution  of  a  sufficiently  elevated,  dry,  and  porous  soil  for  those  areas  which  are  now,  be- 
cause of  their  low  level,  unduly  saturated  with  soil-water  and  sea-water. 

[Then  followed  a  general  discussion  of  the  necessity  for  the  removal  of  organic  wastes,  including  the 
abolition  of  vaults  and  cesspools  and  the  substitution  of  sewers.] 

During  the  earlier  stages  of  my  examination  I  hoped  that  it  would  be  possible  to  secure  a  satisfac- 
tory sewerage  of  the  city  with  the  aid  of  a  natural  outfall  at  the  level  of   low  water,  advantage  being  taken 
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of  tlic  tides  to  furnish  an  ample  f^ushinc^  supph'  for  main  sewers  extended  on  low  grade  to  points  wliieh 
would  afford  sufificient  fall  from  the  more  distant  quarters.  Further  examination  showed  this  to  be 
nearly  if  not  quite  impossible,  and  demonstrated  very  clearly  that,  however  completely  such  a  s\-steni 
might  be  carried  out,  the  extent  of  large  main  sewer  required,  and  the  constant  supervision  and  labor 
needed  to  secure  complete  flushing,  would  be  a  matter  of  continued  expense  and  annoyance.  I  have, 
therefore,  somewhat  reluctantly  accepted  the  fact  that  it  will  be  necessary  to  resort  to  continued  steam- 
pumping  for  the  discharge  of  the  outflow  of  the  sewers — reluctantly,  not  because  of  any  material  objec- 
tion to  this  means,  but  because  of  the  general  impression  among  those  not  familiar  with  the  subject 
that  steam-pumping  is  a  more  serious  matter  than  it  really  is.  A  very  casual  examination  shows  that 
the  cost  of  maintaining  and  running  the  necessary  pumps  will  be  considerably  less  than  the  interest  on 
the  extra  original  cost  of  the  much  larger  and  more  complicated  works  that  would  be  needed  if  heavy 
tide-water  flushing  were  resorted  to,  to  say  nothing  of  the  considerable  constant  cost  of  supervision 
and  labor  in  maintaining  a  cleanly  condition  of  sewers  of  lower  grade,  and  the  certainty  that  any 
neglect  of  this  work  of  maintenance  must  result  in  the  production  of  sewer-gas. 

It  is  proposed  to  establish  at  or  near  the  corner  of  Brewer  Street  and  Cove  Street  a  pump- 
ing-well  12  feet  in  diameter,  provided  with  suitable  screens,  and  to  be  emptied  by  a  pump  with  its 
suction-pipe  10^/2  feet  below  low-water  level.  To  this  all  of  the  sewage  and  drainage  of  the  whole 
city  will  be  delivered,  and  from  this  the  whole  will  be  forced  through  an  iron  pipe  to  a  submerged 
outlet  in    Elizabeth    River. 

This  station  will  be  furnished  with  duplicate  pumps,  each  having  a  capacity  of  3,000,000  gallons 
per  day  (combined  capacity,  6,000,000  gallons).  The  water-supply  of  the  city  is  at  the  present  time 
about  800,000  gallons.  These  pumps  are  to  be  supplied  by  two  steam-boilers  of  twenty  horse-power 
each.  The  entire  cost  of  the  well,  pumps,  pump-house,  etc.,  will  be  about  $10,000  (cost  of  machinery, 
$6,000).  This  station  and  its  outlet  being  established,  the  whole  topography  of  the  city  becomes,  so 
far  as  sewerage  and  subsoil  drainage  are  concerned,  changed  to  the  same  degree  that  it  would  be  if 
the  whole  were  elevated  iQi/^  feet  above  its  present  level,  and  if  the  water  of  Elizabeth  River  re- 
mained always  at  low-water  mark. 

This  pumping-well  will  receive  three    main  sewers,  as  follows: 

a.  Beginning  at  the  corner  of  Smith  Street  and  Denby  Street,  and  following  the  course  of  Smith 
Street,  Bule   Street,  and   Brewer  Street    to  the    pumping-station. 

b.  Beginning  at  the  corner  of  Riley  Street  and  Charlotte  Street,  and  following  the  course  of  Riley 
Street,  Virginia  Street,   Chapel  Street,    and   Cove   Street    to   the   pumping-station. 

c.  Beginning  at  the  corner  of  Freemason  Street  and  Botetourt  Street,  and  following  the  course  of 
Freemason  Street,  Duke  Street,  Tazewell  Street,  Granby  Street,  and  Cove  Street  to  the  pumping- 
station. 

The  longest  of  these  lines,  and  the  most  difficult,  is  that  beginning  at  the  head  of  Smith 
Street.  The  territory  to  be  drained  by  it  could  be  adequately  drained  by  no  other  means  which 
would  lead  its  outflow  to  a  permissible  point  of  discharge.  By  the  plan  under  consideration  it  will  have  a 
uniform  fall  of  i  foot  in  300  throughout  its  entire  length.  Its  construction,  although  involving  deeper 
cutting  than  any  of  the  other  lines,  presents  no  serious  difficulty.  The  depth  of  the  cuttings  will  be 
as  follows  : 

At  Wolf   Street, 
"    Freemason  Street, 
•'    Charlotte     Street, 
"    Bute    Street, 
"    Bank  Street, 
"    Cumberland   Street, 

The  greatest  depth  of  cutting  on  the  second  main  will  be  16.5  feet,  and  on  the  third  main  12.5 
feet. 

At  the  grades  at  which  the  main  sewers  are  laid  they  will  afford  ready  outlets  for  all  laterals 
needed    for  the   complete    sewerage  of   every    part    of    the    area  except   a  small  district  in  the    extreme 
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northeastern    part    of    the    city,    where  sewerage    will    not    be    imperatively    needed    for    a  long    time  to 
come,  and  where,   when  it   is  needed,  some    special  means  of   treatment  will   become  necessary. 

To  secure  the  quick  removal  of  subsoil  water,  which  is  at  least  as  important,  under  your  con- 
ditions, as  the  removal  of  organic  filth,  a  second  set  of  drains,  constructed  of  ordinary  agricultural 
drain-tiles  with  permeable  joints,  will  be  laid  in  the  same  trench  at  the  side  of  each  sewer.  All 
water  penetrating  the  more  impervious  stratum  at  the  surface  will  be  received  by  these  drains  and 
carried  directly  to  the  pumping-stations  to  be  discharged  with  the  sewage  This  will  afford  a  means 
of  relief  compared  with  which  the  original  natural  subsoil  flow  through  the  porous  stratum  could 
bear  no  comparison,  and  the  complete  execution  of  the  worlc  will  have  the  effect  of  making  the 
whole    city    as    dry    as    though    it    were  built    on  the    top  of    a    sand-hill. 

It  is  in  the  execution  of  this  part  of  the  work  [sewerage  and  drainage]  that  the  chief  relief  is 
to  be  sought.  To  make  the  relief  complete  it  will  be  necessary  that  the  execution  of  the  work  be 
supplemented  by  the  establishment  of  such  sanitary  regulations  as  will  make  the  universal  use  of  the 
system  compulsory.  Every  privy-vault  and  cesspool  within  the  whole  city  should  be  emptied  of  its 
foul  contents  and  filled  to  the  surface  with  clean  earth.  E\e:y  house  should  be  provided  with  at 
least  one  water-closet,  which  will  suffice  for  the  removal  of  liquid  wastes  of  every  character.  It  is 
to  be  said,  however,  that  these  water-closets,  in  connection  with  the  humbler  class  of  dwellings,  will 
perform  their  office  perfectly  and  can  be  kept  in  good  condition  without  being  connected  with  the 
public  water-supply,  the  discharge  through  them — a  pailful  at  s-  time  -  of  all  liquid  household  wastes 
being  ample  for  the  flushing  of  their  connecting  drains  and  for  the  removal  of  the  solid  matters 
accumulating  in    their    traps. 

The  sanitary  regulations  before  referred  to  should  constitute  no  objection  to  the  adoption  of  the 
system,  for  the  reason  that  they  are  such  only  as  in  a  prudent  management  of  any  city  of  the  size 
of  Norfolk  must  be  considered  necessary,  whether  household  refuse  be  discharged  through  sewers  or 
disposed  of  by  any  one  of  the  "conservancy"  methods,  it  being  assumed  as  beyond  question  that 
the    present   system    of    vaults  and   cesspools    is    absolutely    inadmissible. 

There  are  several  points  in  the  city  where  the  condition  as  to  the  removal  of  storm-water  is 
substantially  the  same  as  in  the  neighborhood  of  the  intersection  of  Granby  Street  and  Freemason 
Street.  That  is,  where  during  copious  rains  surface-water  accumulates  and  floods  the  surface  to  an 
objectionable  and  serious  extent.  The  accumulations  at  these  points  should  be  removed,  quite  inde- 
pendently of  the  sewerage  and  subsoil  drainage  of  the  city,  by  a  series  of  underground  pipes  or  small 
sewers  of  sufficient  capacity  to  discharge  above  high-water  mark  all  floods  that  may  come  to  them. 
This  part  of  the  work  will  be  carefully  studied,  and  definite  recommendations  concerning  it  will  be 
made  in   my  final  report. 

While  nearly  the  whole  city  will  be  sewered  by  delivery  to  the  pumping-wcll,  that  part  of  it 
which  slopes  southward  from  Main  Street,  and  which  lies  high  enough  for  the  purpose,  together  with 
a  portion  of  the  higher  land  by  which  this  ridge  crosses  Cove  Street  at  Church  Street,  may  be 
sewered  directly  into  a  natural  outlet  main.  The  extreme  southeastern  portion  of  the  city  east  of 
Commerce  Street  and  .south  of  Main  Street,  which  lies  too  low  for  such  drainage,  will  need  to  be 
connected   with   the    pumping-station. 

Later  a  detailed  plan  of  the  work  was  prepared,  with  complete  profiles  of  the  proposed  sewers, 
accompanied   by   the   following  report  and   estimate  : 

To  THE  Drainage  Committee  : 

Gciitlciiicn :  I  forward  herewith  a  map  of  Norfolk  showing  the  lines  of  the  proposed  sewers 
with   indications  of   sizes;   also  a   detailed   estimate  of  the  cost   of  the  same. 

The  general  system  was  accurately  foreshadowed  in  my  preliminary  report ;  there  is  no  material 
change  in  the  details  therein  suggested.  The  pumping-station  is  placed  at  the  northeast  corner  oi 
Cove  and    Brewer  Streets.     The   general  system   is  divided   into  three   sections,   as   follows: 

A.  The   district   drained   by   the   Freemason   Street   main. 

B.  The  district  drained  by  the  Brewer  Street  main. 

C.  The  district  drained  by  the  Cove  Street  main. 
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The  lower  end  of  the  Freemason  Street  main  is  lo  inches  in  diameter,  and  continues  of  that 
size  to  the  intersection  of  Granby  and  Courtney  Streets  ;  thence  to  the  end  of  Freemason  Street  it 
is   8    inches   in    diameter. 

The  Brewer  Street  main  is  15*  inches  in  diameter  from  the  pumping-station  to  Queen  Street; 
thence  to  Cumberland  Street  it  is  12  inches  in  diameter;  thence  to  Smith  Street  it  is  lO  inches  in 
diameter,   and    tlience    to    Denby    Street,   its  upper  end,  it  is  8   inches  in  diameter 

The. Cove  Street  main  is  15  inches  in  diameter  to  Fenchurch  Street;  thence  to  Holt  Street  it  is 
12  inches  in  diameter;  thence  to  Charlotte  Street  it  is  10  inches  in  diameter.  This  main  is  made 
somewhat  larger  than  the  demands  of  the  district  now  sewered  by  it  would  require,  in  order  that  it 
may  accommodate,  if  necessary,  the  future  drainage  of  the  northeastern  section  of  the  cit\',  which  lies 
too  low  to  be  connected   with  Section  B. 

Section  A  includes  the  district  between  Granby  and  Newton  Streets  as  far  south  as  Main  Street 
Section  B  includes  the  district  between  Chesapeake  and  Granby  Streets  as  far  south  as  Main  Street,  and 
also  the  district  south  of  Main  Street  bounded  by  Marsden's  Lane,  Union  Street,  Newton's  Lane, 
East   Water  Street,  and    Hutchins'    Lane. 

The  district  south  of  Main  Street  between  Market  Square  and  Fayette  Street  is  drained  by  gravily 
to  the  foot  of  Commerce  Street,  the  point  of  outlet  for  the  force- main  of  the  pumping-station  A 
small  district  south  of  Main  Street  and  west  of  Fayette  Street  is  drained  b)'  an  independent  system 
discharging    at    the    foot    of    Matthews    Street. 

The  sub-main  and  lateral  sewers  are  mainly  of  six-inch  pipe,  a  small  proportion  only — about  2,000 
feet — of  the  laterals  being  of  eight-inch  pipe,  and  the   Fenchurch  Street  sub-main  being  of  ten-inch  pipe. 

As  a  rule,  the  minimum  grade  of  all  sewers,  mains,  sub-mains,  and  laterals  is  i  to  300;  the  excep- 
tions are  as   follows : 

The  Cove  Street  main  has  a  grade  of  i  to  325  ;  the  Fenchurch  Street  sub-main  has  a  grade  of  i  to 
600 ;  the  Matthews  Street  sewer  has  a  grade  of  i  to  400 ;  the  West  Water  and  Commerce  Streets 
sewer  has  a  grade  of  i  to  450 ;  the  West  Water  and  Union  Streets  sewer  to  Commerce  Street  has  a 
grade   of    i    to  400 ;    and   the   Charlotte   Street  sewer  has   a  grade   of    i    to  450. 

Taking  these  grades  as  a  basis,  the  sizes  of  the  pipes  have  been  regulated  with  a  view  to  their 
running  at  no  time  to  more  than  one-third  of  their  capacity.  This  is  rather  more  than  the  usual 
allowance,  but  it  will  add  very  slightly  to  the  cost  of  the  work  and  will  provide  for  any  possible 
future  increase  of  density  of  population,  also  for  a  considerable  use  of  the  sewers  for  the  discharge  of 
manufacturing    wastes. 

The  force-main  (the  outlet  from  the  pumping-station)  is  12  inches  in  diameter,  and  its  cost  is  esti- 
mated at  $2,500.  There  is  no  doubt  that  for  a  long  time  to  come,  and  perhaps  permanently,  the  pumps 
can  perfectly  well  force  the  sewage  through  an  eight-inch  pipe,  and  I  submit  to  the  judgment  of  the 
committee  the  decision  of  this  question :  Whether  the  exigencies  of  economy  arc  sufficient  to  make 
it  worth  while  to  take  the  very  slight  risk  that  it  might  be  necessary  at  some  remote  future  day  to 
replace  this  eight-inch  pipe  vith  a  larger  one,  or  to  lay  a  second  pipe  to  double  its  capacit}- ?  Of 
course  the  risk  would  be  very  much  lessened  by  laying  a  ten-inch  pipe  at  once,  and  this  would  effect 
a  material  saving.  In  making  the  plan  it  has  been  assumed  that  it  may  be  considered  advisable  to 
expend  an  extra  thousand  dollars  on  this  important  part  of  the  work  :  but  the  recommendation  is 
modified   by  the   above   remarks. 

A  Field  flush-tank  is  to  be  built,  as  shown  by  dots  at  the  heads  of  all  the  laterals.  Their  dis- 
charging capacity  is  generally  the  same  as  those  in  use  in  Memphis  (112  gallons).  Three  of  these  tanks  are 
to  be  of  double  capacity  (discharging  about  225  ga!lons\  because  of  the  low  grade  of  the  sewers  to  be 
flushed  by  them.  There  are  in  all  159  flush-tanks  which,  discharging  three  times  in  two  days,  will  require 
for  their  working  about  27,500  gallons  per  day. 

The  profiles  accompan)-ing  this  report  give  the  exact  depth  to  which  each  sewer  is  to  be  laid  at 
each  station  along  the  course,  assuming  the  levels  upon  which  the  i)lan  is  based  to  be  accurate.  It 
will  of  course  be  necessary,  as  the  work  is  constructed,  to  run  new,  exact  levels  along  the  precise  lines  of 
the  sewers,  in  order  to  secure  perfect  accuracy  of  grade. 

*  Afterwards  incrensed   to   18  inches. 
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For  the  cleansing  of  the  sewers  the  mains  are  provided  with  man-holes,  through  which  cleansing-balls 
may  be  introduced.  These  balls  are  of  about  seven-eighths  the  diameter  of  the  sewer,  are  made  of  metal, 
watertight,  and  are  loaded  with  a  sufficient  amount  of  water  to  reduce  their  buoyancy  to  such  a  degree 
that  they  will  roll  easily  along  the  crown  of  the  sewer.  These  balls,  by  restricting  the  water-way,  cause  a 
slight  accumulation  of  head  behind  them,  and  the  current  passes  under  them  with  sufficiently  increased 
velocity  to  stir  up  and  send  forward  whatever  deposit  may  exist,  the  operation  being  repeated  two  or  three 
times  at  each  cleaning.  This  system  has  been  thoroughly  tested  in  Memphis,  and  has  been  found  to 
be  most  efficient. 

As  indicated  in  my  preliminary  report,  while  the  immediate  removal  of  all  decomposing  organic 
matter  is  of  the  greatest  importance  to  the  sanitary  condition  of  the  cit)',  it  would  be  difficult  to  over- 
estimate the  hygienic  benefit  to  result  from  a  perfect  draining  of  the  subsoil.  Much  stress  has  been  laid 
on  tliis  feature  of  the  case  by  those  who  have  preceded  me  in  discussing  the  subject,  and  they  have  not 
overstated  its  importance. 

Fortunately,  the  subsoil  of  Norfolk  is  very  largely  of  a  porous  character,  and  the  simplest  means 
of  under-drainage  will  be  much  more  effective  there  than  they  would  be  in  a  more  uniformly  retentive 
subsoil. 

Proper  under-drainage  is  secured  by  the  use  of  agricultural  drainage  tiles,  laid  in  the  trenches  with 
the  sewer-pipes  at  the  time  of  construction,  adjusting  their  sizes  to  the  accumulated  flow  they  may 
receive,  and  delivering  their  flow  into  man-holes,  sewers,  or,  where  possible,  into  flush-tanks  l}'ing  at 
a  lower  level  or  at  the  shore.  By  taking  advantage  of  such  means  of  outlet,  it  will  be  easy  to  prevent 
such  an  accumulation  of  lengths  as  would  require  the  use  of  large  tiles.  Sizes  ranging  from  one  and 
one  quarter  to  two  inches  in  diameter  will  suffice  for  nearly  the  whole  city.  The  cost  of  this  portion 
of  the  work  is  estimated  at  $5,130.  This  may  be  somewhat  modified  in  the  final  arrangement,  \\hich 
is  necessarily  controlled  by  the  quantity  of  water  met  with  in  excavating  the  trenches ;  the  modifica- 
tion, however,  cannot  be  important  one  way  or  another. 

In  closing  this  report,  I  beg  to  recommend  as  an  important  aid  to  the  securing  of  a  good  execu- 
tion of  all  details  that  the  performance  of  work  by  contract  be  rigidly  excluded,  all  material  being  pur- 
chased by  the  city,  and  all  work  being  done  by  the  day.  This  would  be  unimportant  in  the  con- 
struction of  sewerage  works  of  the  ordinary  kind  with  the  use  of  large  brick  sewers,  but  where  every- 
thing is  so  exactly  adjusted  to  the  work  that  it  is  to  perform  the  least  deviation  from  the  best  in 
everything  may  result  in  serious  permanent  injury.  I  believe  that  thoroughly  good  work  in  small-pipe 
sewerage  can  be  secured  as  cheaply  b)'  day's  labor  as  by  contract;  but  even  if  it  were  to  cost  somewhat 
more,  it  is  to  be  remembered  that  to  provide  Norfolk  with  a  storm-water  system  of  sewerage  on  the 
plan  herewith  submitted,  with  adequate  pumping  works,  would  cost  at  least  $700,000 ;  the  saving, 
therefore,  by  this  system  is  so  great  as  to  justify  any  necessary  increase  of  expenditure  to  secure  the 
very  best  workmanship  and  material. 

The  construction  of  this  work  was  begun  in  1882  under  the  direction  of  Major  J.  H.  Humphreys, 
who  had  been  first  an  assistant  engineer  and  then  engineer  in  charge  of  the  Memphis  work.  Its  com- 
pletion has,  however,  been  retarded  as  an  effect  of  the  usual  vicissitudes  of  Virginia  politics.  Owing 
to  the  difficult  character  of  the  work,  I  he  quicksand  being  especially  unmanageable,  there  has  been 
infinite  trouble  with  contractors.  This  has  caused  delay  and  increased  cost.  At  the  end  of  1887 
the   sy.stem   (A)   covering   the   northwestern   portion    of  the   city  has   not  yet   been   begun. 

The  \\ork  has  progressed  slowly,  but  something  has  been  done  each  year.  The  pumping-well, 
pumps,  and  force-main  have  been  in  operation  since  July,  1883.  The  daily  average  pumped  during  the 
first  year's  operations  was  107,005  gallons;  during  the -second  year,  312,018  gallons;  during  the  tliird 
year,   590,000  gallons. 

E.xperience  here  with  regard  to  quicksand  has  been  characteristic.  All  previous  excavations  for 
cellars,  wells,  and  water-mains,  etc.,  indicated,  as  I  was  confidently  assured,  the  entire  absence  of  quick- 
sand. It  was  asserted  that  it  would  be  safe  to  make  estimates  of  cost  without  considering  any  serious 
difficulty  from   this  source   except,   perhaps,  at  a   few   points  along  the   shore.     The  sewer  work  required 
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deeper  diggin<T  than  had  been  done  before,  and,  as  it  turned  out,  all  deep  work  was  in  quicksand  of 
the  most  troublesome  character.  For  example,  in  one  street  where  the  sewer  was  to  be  laid  about  15 
feet  below  the  surface  of  the  ground  a  large  gang  succeeded  in  la}-ing  only  four  feet  of  pipe  in  a 
day.  Before  this  part  of  the  work  was  completed  the  curbstone  and  edge  of  the  sidewalk  had  fallen 
in  on  both  sides  of  the  street,  and  the  occupants  of  one  house  were  preparing  to  move,  fearing  that 
it  also  would  be  undermined. 

The  main  sewer  of  the  central  system  (B)  under  Brewer  Street  was  abandoned  on  account  of 
quicksand,  and  work  there  was  suspended  for  some  time.  Only  after  much  consideration  did  the  city 
authorities  venture  to  accept  my  recommendation  for  the  substitution  of  the  large  iron  siphon  1,850 
feet  long,  which  is  described  more  fully  under  the  head  of  Outlets  for  Low  Sewer  Districts  in  another 
chapter  (Fig.    i,  page   72). 

The  last  official  reports  that  have  reached  me  are  for  the  year  ending  June  30,  1886.  In  these 
the  mayor  says  that  "  Twelve  miles  of  sewers  have  been  laid  at  the  cost  of  $188,500,  in  point  of  cost 
three-fourths  of  the  entire  system  ;  it  has  been  extended  to  the  parts  of  the  city  which  were  in  the 
most  unsanitary  condition,  and  though  only  about  750  houses,  or  about  one  fourth  of  the  houses  in 
the  sewered  section,  have  as  yet  been  connected,  there  is  now  being  pumped  daily  an  average  of 
590,000  gallons  of  water  and   sewerage  matter. 

"  The  whole  system   is  now  working  well,  and   may  be  considered  a  complete  success." 
The  city  engineer  says : 

"  From  a  disagreeable  experience  gained  in  the  construction  of  section  B  by  contractors,  I  would 
most  earnestly  urge  that  in  the  future,  should  further  extension  of  the  sewers  be  deemed  expedient, 
the  work  be  done  by  the  cit}',  and  by  men  under  our  own  control  and  direction.  In  this  way,  I  am 
satisfied,  the  work  can  be  accomplished  more  satisfactorily  and  expeditiousl}',  and  certainly  for  as  little 
expenditure,  as  if  it  were  let   by  contract. 

"  It  gives  me  special  pleasure  to  report  that  during  the  past  year  the  whole  system  as  far  as 
completed  has  worked  with  perfect  satisfaction  and  with  but  one  mishap.  This -was  the  cave  over  the 
sewer  just  north  of  the  intersection  of  Brewer  and  Charlotte  Streets,  and  was  caused  b}'  no  fault  or 
imperfection  in  the  sewer  itself.  It  was,  however,  speedily  remedied,  and  the  sewer  left  in  such  a  con- 
dition that  a  repetition  of  the  trouble,  at  this  point  at  least,  is  impossible.  One  good  result  from  the 
cave  was  the  demonstration  of  the  perfect  reliability  of  the  siphon,  and  its  capacity  for  taking  through 
it  whatever  ma\-  be  deposited  in  the  upper  well.  This  fact  is  further  evidenced  from  the  consideration 
that,  while  frequent  cleaning  by  hand  of  the  lower  well  has  been  necessary,  not  a  particle  has  ever 
been  removed  from  the  upper  well  otherwise  than  by  the  action  of  the  siphon  itself  In  speaking 
of  the  siphon  it  may  be  well  to  state  that  during  the  )-ear  it  was  found  that  the  small  air-pump  at 
the  pump-house — on  account  of  the  peculiar  construction  of  its  valves — could  not  be  relied  upon  at 
all  times  to  perform  its  work.  It  was  deemed  necessary,  therefore,  to  purchase  an  auxiliarj'  air-pump 
with  large  gum  valves  at  a  cost  of  two  hundred  and  fifty  dollars.  This  pump  has  proven  all  that  was 
expected  and  will  last  as  long  as  the  siphon  does. 

"Of  course  in  the  six-inch  mains  we  are  sometimes  troubled  with  temporary  stoppages,  due  to  the 
abuse  of  the  sewers  by  those  whose  premises  are  connected  therewith.  It  is  a  common  thing  to  find 
at  the  stopped  point  vegetables,  rags,  pieces  of  board,  sticks,  bottles,  lumps  of  coal,  and  tin  cups,  etc., 
and  it  is  simply  outrageous  that  so  valuable  a  piece  of  public  property  should  be  jeopardized  and  its 
usefulness  impaired  by  such  criminal  neglect  and  carelessness.  I  would  respectful!}'  urge,  therefore, 
that  the  councils  be  requested  to  pass  an  appropriate  ordinance  for  the  protection  of  the  sewers,  and 
to  punish  by  fine  any  person  or  persons  who  cause  or  permit  to  lie  thrown  or  deposited,  in  an\'  vessel 
or  receptacle  connected  with  the  public  sewers,  any  garbage,  hair,  ashes,  fruit  or  vegetables,  peelings 
or  refuse,  rags,  cotton,  cinders,  or  an\-  other  matter  or  thing  whatsoever,  except  fa;ces,  urine,  the 
necessary  closet  paper,  and  liquid  house-wastes ;  and,  moreover,  where  a  stoppage  is  found  clue  to  the 
misuse   of  the  sewer  by  a   householder,  be   he   owner  or  tenant,  the  cost   of  cleaning  out  the   stoppage 
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and  rectifying  the  wrong  done  should  be  charged  to  him  in  addition  to  the  fine.  I  am  satisfied,  how- 
ever, that  at  present  a  large  portion  of  the  abuse  is  due  to  ignorance  and  a  total  misconception  of  the 
functions  of  the  system,  and  therefore,  so  soon  as  the  proper  regulations  can  be  obtained,  I  would 
suggest  that  they  be  printed  on  stout  card-board  and  posted  conspicuously  somewhere  on  the  premises 
of  all  houses  having  sewer  connections." 

He  gives  the  following  estimate  of  the  cost  of  constructing  the  remaining  system  (A).  The 
larger  pipes  are  those  that  are  laid  deep  in  the  quicksand,  and  the  figures  are  eloquent  as  to  the 
difficulties  anticipated.     The   estimate  is   as   follows: 

"  500  feet   1 5-in.  pipe  laid  at   $6  00 $3,000  00 

4  00 2,000  00 

2  00 3,600  GO 

I   50 2,55000 

88i 13,250  00 

40    6,000  00 

3  00    600  00 

1 5   man-holes    at    $40 600  00 

20  flush-tanks  "        50 .    i  ,000  00 

Total $35,000  00 

The  following  table  from  the  report  of  1884  is  the  latest  concerning  the  working  of  the  pumps; 
the  volume  delivered  to  the  pumping-well  is  affected  by  rainfall  (second  column),  not  by  the  direct 
admission  of    rain-water  to   the  sewers,  but  by  increasing  the  flow  of   the  tile-drains. 

"  Statement  of  sewage  pumped  from  well  at  intersection  of  Atlantic  Street  and  City  Hall  Avenue 
during  the  year  ending  June   30,  1884: 

MONTH.  No.  of  Days. 

July 31 

August 31 

September 30 

October 31 

November 30 

December 31 

January 31 

February 28 

March 31 

April 30 

May 31 

June 30 

365  46.97  2,647,195  2,789,342  217,461,480 


all  during  time 

Revolutions  of  Pump 

Revolutions  of  Pump 

No.  of  Gallons  of  Sewage 

in  inches. 

No.  .. 

No.  2. 

pumped. 

3.22 

120,576 

262,826 

15,336,080 

2.39 

84,216 

242,384 

13,064,000 

3-31 

174,281 

107,748 

11,281,160 

3-33 

154,801 

114,850 

10,786,040 

4.64 

298,665 

34,614 

13,331,160 

3-94 

155,234 

297,534 

18,110,720 

2.93 

223,880 

268,440 

19,692,800 

4-03 

349.702 

242,958 

23,706,400 

2.36 

212,604 

310,236 

20,913,600 

3-16 

116,846 

445,206 

22,482,080 

8.32 

600,240 

6,072 

24,252,480 

5-34 

156,150 

456,474 

24,504,960 

CHAPTER  XIV. 

THE   SEWERAGE   OF    KEENE. 

%^HE  sewerage  of  Keene,  N.  H.  I  happen  to  have  had  such  close  knowledge  of  all  the  attending 
^^  circumstances  of  this  case,  and  to  have  been  able  to  keep  all  of  the  operations  of  construc- 
tion and  subsequent  use  under  such  observation,  that  it  will  be  given  a  prominence  here  to  which  it 
would  not  otherwise  be  entitled,  either  by  reason  of  the  method  of  sewerage  adopted  or  by  its  intrinsic 
importance   in  other   respects. 

As  the  work  was  carried  out  according  to  my  plans,  without  important  modifications,  and  as 
all  its  details  are  a  matter  of  record,  it  serves  to  indicate  the  manner  of  executing  various  parts  of 
the  system  as  somewhat  improved  since  the  work  was  formulated  at  Memphis  better  than  any  other 
work  of  its  kind.  In  another  point  of  view  also  it  constitutes  an  instructive  example  worthy  of  the 
consideration  of  engineers  and  others  who  are  about  undertaking  the  sanitary  improvement  of  small 
towns.  What  is  sometimes  called  the  "  human  nature  element "  is  always  an  important  factor,  more 
and  more  important  as  an  element  to  be  taken  into  account  when  moving  for  improved  sanitary  works 
in  proportion  to  the  smallness  of  the  community.  The  influence  of  that  expression  of  popular 
sentiment  which  is  formulated  in  back  shops  during  long  winter  evenings,  and  which  is  always 
to    be    duly  weighed   and    considered,   bears,   roughly,    an    inverse    proportion  to  population.  In  a    con- 

siderable city,  where  many  varied  public  interests  are  always  active,  and  where  a  better  organized 
municipal  staff  gets  a  good  deal  of  important  work  done  by  simple  n's  inertia,  little  heed  need  be 
given  to  such  influences  after  the  first  popular  vote  has  been  carried  authorizing  the  construction 
of  sewers,  the  introduction  of  water,  or  whatever  work  it  may  be.  In  smaller  towns,  however,  this 
element  is  always  active.  It  rarely  finds  more  than  the  one  subject  under  consideration  to  feed 
upon,  and  it  is  usually  exerted,  though  with  the  best  and  most  patriotic  intentions,  on  the  wrong  side 
of  the  question.  It  emanates  chiefly  from  men  who  are  honest,  but  ignorant  and  suspicious.  It  is 
a  survival  of  conservatism.  Its  creed  is  simple,  and  is  usually  formulated  in  such  expressions  as 
these :  "  My  folks  have  lived  here  since  the  town  was  first  settled,  and  they  never  had  any  talk 
about  sewers.  What  is  good  enough  for  them  ought  to  be  good  enough  for  me."  ..."  Talk 
about  the  sickly  condition  of  this  town,  look  at  the  statistics!  The  death-rate  is  as  low  as  in  any 
other  town  of  its  size  in  the  State."  ...  "I  don't  see  the  sense  of  introducing  a  system  of  sewers  to 
satisfy  a  few  rich  people  who  want  to  have  water-closets  and  baths  in  their  houses  and  make  poor 
men  pay  for  it.  I  would  not  connect  with  the  sewer  if  there  was  one  passing  my  house.  A  water- 
closet   is   a  nasty   thing,   anyhow.     I   believe   in   keeping  such   things  outside." 

The  form  of  expression  is  various,  but  it  is  alwaj-s  within  the  limited  range  of  thought  of  those 
who  utter  it.  It  is  always  wrong  from  the  sanitary  point  of  view.  It  fails  to  recognize  the  cardinal 
fact  that  the  death-rate  in  all  towns  is  much  too  high,  and  it  is  utterly  uninformed  as  to  what  is  now 
well  established — the  absolute  importance  of  the  removal  of  all  waste  matters  from  the  vicinity  of  habi- 
tations before  they  enter  into  decomposition.  Fortunately,  this  portion  of  the  community,  though 
in  this  respect  ignorant,  is  by  no  means  unintelligent.  It  yields  always  and  completely  to  demonstra- 
tion.    Probably  there  is  no  instance  in  a  town  where  violent  popular  opposition  was  encountered  in  the 
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early  stages   of  the   construction    of  a  proper  system  of  sewerage,   in   which  this  spirit   of  opposition  and 
criticism    has    not     generaUy    disappeared.       Popular     expression     soon    becomes    entirely    favorable,    and  • 
the  connection  of  house  after  house  with  the  new  system  of    sewerage,  together  with   the  abandonment 
of    cesspools  and  privy-vaults,   follows  quite  as  rapidly  as  could  be  expected  in  view  of  the  considerable 
cost  of  making  such  a  radical  change  in  the  domiciles  of  men  of  small  income. 

Keene  has  within  the  past  few  years  gone  through  all  of  the  phases  of  this  revolution,  whose 
features  are  so  generally  the  same  everywhere  that  it  seems  worth  while  to  sketch  the  history  of  the 
movement,  including  some  aspects  of  the  case  which  may  at  first  sight  seem  out  of  place  in  technical 
writing.     They  are  aspects  which  always  present  themselves  to  the  practical  sanitarian. 

The  considerations  which  led  to  the  execution  of  this  work,  and  the  history  of  the  movement  from 
its  inception,  some  twelve  years  ago,  to  its  completion  in  1883,  has  been  of  a  typical  character,  and 
should  be  of  interest  to  the  authorities  of  other  towns  contemplating  or  discussing  a  similar  improve- 
ment. The  city  was  supplied  with  water-works  in  the  year  1869,  the  supply  being  from  an  elevated, 
natural  pond,  and  being  ample  except  in  seasons  of  severe  drought,  when  it  was  said  to  be  somewhat 
limited.  Keene  was  incorporated  as  a  city  in  1874.  The  first  definite  action  looking  to  the  construc- 
tion of  sewers  was  taken  by  the  council  about  two  years  thereafter. 

The  site  is  one  of  little  undulation,  in  the  valley  of  the  Ashuelot  River  and  in  sight  of  Mount 
Monadnock,  which  rises  some  ten  miles  to  the  eastward.  The  ordinary  level  of  the  river  at  this  point 
is  466  feet  above  tide-water.  The  elevations  of  the  streets  range  from  8  to  60  feet  above  the  river. 
The  natural  slope  of  the  ground,  except  toward  the  outskirts,  is  so  slight  that  the  steepest  grade  that 
could  in  many  cases  be  given  to  the  sewers  did  not  exceed  i  to  600.  The  slope  of  one  of  the  prin- 
cipal  main  sewers — the  Beaver  Brook  main — which  is  a  mile  and   a  half  long,  is  from   i   in  833  to   i   in 

I,CXX). 

In  the  northern  portion  of  the  city  the  soil  is  mainly  sandy,  and  is  quite  dry  at  the  depth  to 
which  the  sewers  were  laid. 

In  former  times,  for  the  removal  of  surface-water  which  here  and  there  had  caused  annoyance,  a 
few  local  drains,  hardly  worthy  the  name  of  sewers,  had  been  constructed.  Little  by  little  houses 
adjacent  to  these  drains  had  been  permitted  to  discharge  foul  matters  into  them  until  they  constituted 
I  serious  nuisance.  Cesspools  and  privy-vaults  in  the  lower  parts  of  the  city,  and  cellars  as  well, 
were  invaded  by  the  subsoil  water,  and  the  need  for  a  radical  reform  became  obvious. 

Agitation  on  the  subject  in  1876  led  to  the  employment  of  Phineas  Ball,  Esq  ,  C.E.,  to  make  a 
careful  survey  of  the  whole  city,  with  a  i-fecord  of  grades,  slopes,  and  water-courses,  and  a  complete 
plan  for  the  sewerage  of  the  principal  part  of  the  occupied  area.  This  plan  provided  for  the  drainage 
of  1,715  acres,  and  was  calculated  for  the  removal  of  the  foul  wastes  of  the  population  and  of  the 
surtace-flow  from  rains  of  considerable  volume.  The  length  of  the  proposed  sewers  of  different  kinds 
and  sizes  was  as  follows : 


550 

feet 

40  in.X  60  in. 

brick 

sewer. 

739 

(t 

32  in.X  48  in. 

1.754 

a 

30  in.X  45  in- 

2,372 

(( 

24  in.X  36  in. 

1,012 

t< 

22  in.X  33  in. 
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" 

16  in.X  24  in. 

16,000 
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it 

12  in. 
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Total 48,491 
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Mr.  Ball's  report  does  not  include  an  estimate  of  the  cost  of  the  work,  but,  following  the  scale 
of  prices  given  for  the  cost  of  sewers  in  Worcester,  where  quicksand  is  not  a  serious  factor,  the  total 
cost  would  have  been  about  $150,000.  The  average  cost  per  foot,  omitting  the  cost  of  man-holes,  inlets, 
and  outlets,  being  about  $3. 

This  plan  was  not  carried  into  execution,  the  work  being  delayed  doubtless  at  the  outset  b\'  its 
necessarily  high  cost  and  later  by  discussion  as  to  the  need  of  removing  storm-water  in  a  place  like 
Keene  by  large  and  expensive  main-sewers  leading  to  a  distant  outlet.  Practically,  the  whole  enter- 
prise was  dropped  and  no  decisive  action   was  taken  until  after   1880. 

An  increasing  realization  of  the  need  for  relief,  and  the  belief  on  the  part  of  many  interested 
in  the  health  of  the  city  that  some  sanitary  improvement  was  necessary,  led  to  a  renewed  agitation  of 
the  subject,  which  resulted  in  authorizing  a  committee  of  the  City  Council  to  employ  an  engineer 
to  review  Mr.  Ball's  plan  and  to  recommend  such  modification  as  he  might  consider  expedient. 
That  employment  fell  to  me.  After  a  careful  study  of  the  previous  plan  and  an  investigation  of 
the  existing  conditions  on  the  ground,  a  report  was  made,  accompanied  by  a  detailed  plan  and 
estimate  of  cost  for  the  thorough  under-drainage  of  the  ground — more  than  ordinarily  important  here 
— and  for  the  removal  of  all  of  the  household  and  manufacturing  waste  of  the  city,  with  an  entire 
exclusion    of   storm-water    from    the    sewers. 

It  was  evident  from  observation,  and  it  was  the  opinion  of  the  committee  and  of  citizens  gen- 
erally, that  the  existing  natural  and  artificial  channels  for  the  removal  of  surface-water  were  suffi- 
cient. There  remained  no  part  of  the  town  that  was,  even  under  unusual  circumstances,  so  subject 
to  flooding  as  to  make  it  worth  while  to  go  to  any  considerable  expense  for  relief.  In  any  case, 
possible  accumulations  of  storm-water  could  be  led  by  short  and  inexpensive  drains  directly  to  a 
suitable  outlet  without  being  taken  in  artificial  channels  over  the  longer  course  to  the  river.  This 
condition  is  pretty  nearly  universal  with  places  of  moderate  size,  and  it  obtains  to  a  greater  extent 
than    is    generalh-    supposed    even    in    large    cities. 

The    plan    submitted     contemplated    the    construction     of    pipe-sewers    of   the    following   sizes    and 


lengths : 


8,800  feet  of  15-inch  sewer. 

1,950     "  "    12     " 

1,248     "  "    10     " 

530     "  "      8     "        " 

60,520     "  "      6     "        " 


Total 73,048 

The   estimate    of   the    cost  of   constructing   the    whole   work   with    its    appurtenances   was   $85,000. 

The  report  and  estimate  were  submitted  in  June,  18S2.  The  plan  was  adopted  b}-  the  City 
Council  in  August  following,  and  a  Joint  Special  Committee  on  Sewerage  was  appointed  and  author- 
ized to  make  a  contract  for  the  work,  for  the  carrying  out  of  which  $85,000  was  appropriated.  A 
contract  was  made  for  all  material  and  all  necessary  work,  in  accordance  with  closely  worded  specifi- 
cations, for  $82,000,  leaving  enough  of  the  appropriation  for  the  employment  of  a  suitable  inspecting 
engineer   to  act   on  behalf    of    the    city,   and   to    pay  such   incidental   charges   as  might  arise. 

The  contract  was  based  on  specific  prices  for  different  materials  and  for  different  elements  of  the 
work,  the  provision  being  made  that  the  city  might  extend  or  diminish  the  amount  of  work  as  in 
its  discretion  should  prove  desirable,  payment  being  made  according  to  the  established  scale  for 
material  furnished  and  for  work  done.  In  lieu  of  bonds  to  be  given  by  the  contractor  the  city  re- 
tained, until  the  completion  and  acceptance  of  the  work,  twenty-five  per  cent,  on  each  monthly  pay- 
ment  falling  due. 

Ground  was  broken  late  in  September,  and  the  work  proceeded  regularly  and  satisfactoril\-  under 
the  direction  of    the  original   committee    until   the  close   of    the  working    season. 
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The  subsequent  course  of  popular  sentiment  and  of  official  action  in  connection  with  the  enter- 
prise was  typical.  It  is  worth  referring  to,  not  especially  as  relating  to  the  town  where  it  happened 
to  occur,  but  as  illustrating  the  incidents  often  attending  such  movements.  No  sooner  was  construc- 
tion fairly  under  way  than  the  opposition  to  such  improvements,  inevitable  in  such  towns,  began  to 
manifest    itself. 

The  various  accompaniments  of  an  impending  annual  municipal  election  were  not  wanting  in 
Keene — as  they  are  rarely  wanting  anywhere.  The  sewerage  contract  was  at  that  time  the  most 
important  object  of  public  interest,  and  in  the  political  discussions  it  was  made  to  play  an  important 
part. 

A  movement  was  set  on  foot  for  an  indignation  meeting,  the  ostensible  purpose  being  to  take 
advantage  of  a  qualifying  clause  of  the  contract  and  to  strike  out  pretty  nearly  all  that  had  not 
yet  been  done  There  was  for  a  few  weeks  much  excitement  in  certain  circles,  and  early  in  Octo- 
ber the  meeting  was  held.  Its  object  was  to  give  expression  "to  great  popular  discontent  and  in- 
dignation which  was  said  to  be  aching  to  make  itself  heard."  The  leading  newspaper,  always  in 
favor   of    the    full   execution   of    the   work,   describes  this  meeting    as    "a    deplorable    failure." 

Nevertheless,  all  who  had  to  do  with  the  enterprise  were  made  uncomfortable  for  some  months 
by    the    constant    opposition    of   a   large    faction. 

By  mutual  agreement,  worK  was  suspended  during  the  winter,  the  time  for  its  completion  being 
postponed  to  October,  1883.  Little  was  done  but  much  was  said  during  the  interval,  and  a  strong 
argument  in  favor  of  the  continuance  of  the  work  was  based  on  the  effect  of  the  drain-tiles  in 
drying    ground   that    had    theretofore    been    unduly    wet.. 

The  accompanying  plan  shows  the  extent  to  A\hich  the  system  as  finally  carried  out  covered 
the  streets  of  the  city.  On  few  of  the  excepted  streets  is  there  any  considerable  population.  Prac- 
ticalK',  the  work  reaches  nearly  every  well  occupied  district  It  will  be  seen  that  there  are  two  outlets 
into  the  river — one  from  the  west  and  central  portion  of  the  city,  and  the  other  from  the  eastern 
portion,  where  the  grades  slope  toward  the  valley  of  Beaver  Brook.  The  work  as  completed  includes 
the    following  lengths    of    pipe-sewers    of    different    sizes : 

9,065  50  feet  of  15-inch    sewer. 

3,441.00      "  "  12    "  " 

1,178.50      "  "  10    " 

2,742.50      "  "  8    "  " 

44,788.50      "  "  6    " 


Total 61,216.00      "        "  " 

Forty-four  flush-tanks  were  built,  one  at  the  head  of  each  branch  line,  and  fifty-one  man-holes. 
All  materials  were  furnished  by  the  contractor,  and,  e.vcept  in  a  single  important  respect,  all  work 
was  done  in  accordance  with  the  original  specifications.  The  prices  for  the  different  items  of  the  work, 
including  royalties   complete,  were   as  follows: 

Foi    15-inch  pipe-sewers,  $2.05    per    foot. 

tt        T  ^        a  ti  it  T   6  T  "  '' 

"        10        "  "  "  1.34         "  " 

«  g       «  u  a  J  q5        «  « 

"       6     "        "         "  .90  "       " 

"  each   flush-tank    complete,  %6t,. 
"       "      man  hole             "  40. 

"        "       outlet  "  200. 

"        "      inlet  "  100. 
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The    following   additions    were    made    to   the    schedule    of   quantities   of    the   original    plan : 

265.5    fss*^    of     15-inch    sewer. 
1,491.0      "       "12    "  '' 

2,212.5      "       "       8    "  " 


Total....    3,969.0      " 
There   were    deducted 


61.5    feet    of    lo-inch    sewer. 
15,7310      "      "      6    " 


Total 15,792.5 


a         t( 


Thirty-nine  man-holes  were  added  and  fourteen  flush-tanks  were  deducted.  The  added  man-holes 
were,  in  my  judgment,  in  a  great  majority  of  cases  not  needed.  The  flush-tanks  were  omitted  because 
the  branch  sewers  which  they  were  to  serve  had  been  deducted. 

The  system,  as  constructed,  was  accessible  to  720  families,  7  manufacturing  establishments,  and  3 
hotels.  This  would  indicate  that  about  3,000  of  the  population  (the  total  being  about  8,000)  were 
still  without    sewerage  facilities.     These  live  mostly    in    sparsely  settled    outskirts  of  the  city. 

The  total  amount  paid  for  the  work  under  the  contract,  additions  and  deductions  having  been  made 
at  rates  fi.xed  by  the  schedule,  was  about  $84,000,  being  a  per  capita  charge  on  the  population  served 
of  about  $15,  or  an  annual  charge,  at  5  per  cent,  interest,,  of  75  cents  The  extension  of  the  work  to 
reach  a  further  population  of  3,000  will  cost  about  $20,000  The  whole  cost  will  then  not  exceed  $12 
per  head,  the  annual  charge  for  each  of  the  8,000  population  being  60  cents. 

The  final    inspection    of    the    work,    prior    to    acceptance    b}'    the    committee,    included    the    passing, 
through  every  part  of  the  system  of    balls  two  inches  less  in   diameter  than    the   pipe  tested.     The  pas- 
sage  of  these   balls   was  observed   and   timed   at   the  different   man-holes.     The   whole   was   found    at  the 
outset   to   be  in   perfect   order,  with    the    exception    of    obstructions   caused    by   the   following   deviation 
from  the  original  specifications  (above  referred  to) : 

It  had  been  provided  that  every  joint  of  the  work  should  be  closed  b}'  first  packing  the  entire 
circumference  at  the  bottom  of  the  socket  with  a  gasket  sufificienth'  tight  to  prevent  the  least  intrusion 
of  cement  into  the  pipe.  The  engineer  employed  by  the  city,  in  view  of  the  very  bad  character  of 
much  of  the  quicksand  in  which  the  sewers  were  laid,  without  referring  the  matter  to  me  as  the  con- 
sulting engineer  of  the  work,  but  on  private  advice  from  other  engineers,  ordered  the  abandonment 
of  this  method  and  the  use  of  cement  bedded  in  the  socket  before  the  insertion  of  tlic  spigot  end  of 
the  next  pipe.  This  led  to  the  formation  of  sucli  accumulations  of  cement  as  in  man)'  cases  prevented 
the  passage  of  the  inspectors'  balls,  and  it  was  found  on  examination  that  the  safe  working  of  the 
system  had  been  put  in  serious  jeopardy.  It  may  seem  inconceivable  that  any  workman,  under  c\en 
ordinary  inspection,  could  fail  to  remove  every  considerable  accumulation  of  cement  before  laying  the 
next  _'  .int  ;  but  I  have  among  the  curiosities  of  this  case  a  box  of  samples  of  these  lumps  of  cement, 
one  o  which,  taken  from  a  six-inch  sewer,  reached  to  within  less  than  half  an  inch  of  the  middle  of 
the  pipe.  Its  weight  is  fifteen  ounces.  Four  of  the  samples  weigh  together  four  pounds  and  seven 
ounces.  It  is  believed,  and  the  good  working  of  the  system  would  indicate,  that  all  of  these  lumps 
were  broken  loose  and  removed.  It  has  recently  been  found  that  in  many  cases  the  fresh  cement  was 
washed  quite  out  of  the  joints,  causing  serious  leakage.  It  is  ver\-  certain  that  no  one  connected  with 
that  work  will  again  atti-mpt  to  joint  sewer-pii)es  without  the  use  of  gaskets.  Mr.  Muz/.C)',  who  ordered 
this  method  adopted,  says  in  his  report  :  "  It  was  found  unadvisable  to  put  cement  in  the  bottom  of 
the  bell  of  the  pipe  before  inserting  the  spigots." 
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He  thus  describes  the  conditions  under  which  the  trenching  was  done  ; 


'& 


"  Many  varieties  of  soil  have  been  encountered  in  laying  the  sewers  in  different  portions  of  the  city_ 
In  the  highest  streets  the  digging  was  almost  wholly  in  sand,  with  no  water,  and  sufificiently  compact 
in  many  places  to  require  little  or  no  bracing  of  the  trench.  Throughout  the  central  part  of  the  city 
more  or  less  quicksand  was  found  at  depths  below  six  feet.  It  occurred  in  three  forms — first,  as  a 
blue,  clayey  quicksand;  second,  like  ordinary  fine  sand,  readil)'  running  in  water;  and  third,  as  a 
swampy  sand  with  some  mud  intermixed.  The  first  was  by  far  the  most  troublesome,  as,  when  soft- 
ened with  water,  the  entire  bottom  of  the  trench  became  yielding  and  uncertain.  Close  sheet-piling 
was  used,  and  a  good  foundation  for  the  pipe  secured  by  sinking  plank  scows  into  the  quicksand  until 
a  firm  bottom  was  reached.  A  good  method  of  laying  pipe  in  this  kind  of  trench  was  to  use  a  square 
trough  wide  enough  to  receive  the  pipe,  which  could  thus  be  laid  free  of  running  sand  around  the 
joints.  Ordinary  brick-clay  has  occurred  in  many  places  in  which,  if  softened  by  water,  plank  founda- 
tions were  laid." 

It  had  been  asserted  by  those  who  had  had  charge  of  the  construction  of  the  water-works,  of  which 
the  pipes  were  laid  at  less  depth,  that  no  quicksand  of  serious  amount  was  to  be  apprehended.  The 
extra  depth  necessary  to  be  reached  in  sewering  developed  an  amount  of  quicksand  which  greatly 
reduced  the  profit  on  the  contract.  It  was  this  quicksand  which  led  to  the  change  in  the  method 
of  cementing  the  joints  which  gave  so  much  trouble,  traces  of  which  may  possibly  still  be  found  in 
future  obstructions  of  some  of  the  pipes  of  low  grade. 

The  work  was  completed  in  the  summer  of   1883. 

Since  that  time  the  evidence  of  the  proper  and  satisfactory  operation  of  the  sewers  has  been  com- 
plete. Within  a  very  short  time  after  the  completion  of  the  work  testimony  as  to  its  success  began 
to  appear  in   one  or  other  of  the  local  papers,  thus  : 

[Oct.  17,  1883]  "We  used  to  be  told  last  winter  and  spring  that  there  would  not  be  over 
twenty  people  in  Keene  who  would  use  the  sewers  in  the  next  ten  years.  The  gentlemen  who  thus 
prophesied  seem  to  have  been  full  as  far  from  the  mark  as  the  '  ardent  sewer  men  '  were.  Over 
twenty  permits  for  entering  the  sewers  have  been  issued  during  the  last  thirty  days.  The  whole 
number  issued   up  to  last  Monday  was  fifty-six." 

[April  9,  1 884 1  "  The  new  sewers  have  worked  all  winter  without  interruption  at  any  point.  Neither 
frost  nor  high  water  have  seemed  to  affect  the  system.  No  stoppages  have  occurred  in  any  of  the 
mains  since   the  contractor   turned    the   sewers  over  to  the   city." 

"All  sewage  matter  was  carried  off  perfectly  by  both  lines  during  the  high  water.  Unlike  sewers 
which  carry  storm-waters  from  the  gutters,  these  pipes  do  not  gorge  during  heavy  rains  and  flow 
back  into  low  cellars  and  basements,  as  the  old-st)'Ied  sewers  do  here  and  everywhere  else  where  they 
are  used.  ...  In  nearly  every  case  that  we  have  heard  of  in  Keene,  thus  far,  the  tiles 
in  the  .streets  have  made  the  cellars  adjoining  perfectly  dry.  The  result  of  the  action  of  the  tiles 
is  to  drain  the  subsoil  thoroughly  down  nearly  to  the  level  of  the  main  sewer.  Many  cellars  in 
Keene  which  have  always  been  wet  are  now  perfectly  dry  for  a  depth  of  several  feet  below  the  cellar 
bottom,  and  all  the  feeling  of  dampness  so  productive  of  mildew  and  rot  has  disappeared — all  from 
the  action  of  the  tiles  accompanying  the   street   mains." 

Dr.  Geo.  B.  Twitchell,  to  whom  more  than  to  any  one  else  the  credit  of  the  completion  of  this 
undertaking   is  due,   wrote   in   July,    1884: 

"The  svsteni  has  been  now,  after  a  year's  trial,  found  to  work  well  and  to  give  complete  satisfac- 
tion, and  the  pcopU-  are  constantly  making  connections  with  it.  The  croakers  have  ceased  to  fiiul 
fault,  and  petitions  are  now  before  the  city  government  for  extension  into  certain  streets,  and  I  have 
no  doubt  but  that  each  year  there  will  be  calls  for  further  extensions.  The  system  is  working  better 
than    its  most  sanguine    friends  ever  dared    hope." 
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Mayor  Kimball  wrote  at  the  same  time: 
"  It  seems  to  me  that  the  construction  of  our 
sewers  is  as  nearly  perfect  as  can  be,  from  the  fact 
that  no  impediments  to  a  steady  flow  have  been 
discovered  from  the  beginning,  and  I  have  not 
heard  that  any  one  of  the  forty-four  flush-tanks 
has  failed  at  any  time  to  perform  its  duty  with 
accuracy. 

"  In  brief,  I  think  if  a  vote  were  to  be  taken 
now  a  large  majority  of  our  citizens  would  say  that 
our  sewerage  system  and  the  manner  of  its  con- 
struction  meet   with   their   full   approval." 

The  following  is  an  extract  from  a  letter  writ- 
ten September  25,  1884,  by  Dr.  Irving  A.  Watson, 
Secretary  of  the  State  Board  of  Health  of  New 
Hampshire  and  Secretary  of  the  American  Public 
Health  Association : 

"  I  would  say  incidently  that  I  have  recently 
inspected  the  sewers  of  Keene,  N.  H.,  and  that 
they  are  working  perfectly  in  every  respect.  They 
stood  the  test  of  high  water  last  fall  and  spring 
without  becoming  in  any  way  obstructed,  and  work- 
ing perfectl-y  without  the  use  of  jet-pumps  The 
opposition  which  was  so  strongly  manifested  against 
this  system  while  it  was  being  built  has  almost 
wholly  subsided,  and  the  people  are  fast  coming  to 
acknowledge  that  they  have  one  of  the  best  sewered 
cities  in  the  country.  I  have  recently  succeeded  in 
getting  through  an  ordinance  in  that  city  discon- 
tinuing the  old  town  sewer  and  have  prompted  the 
Board  of  Health  to  order  all  persons  who  connected 
with  the  old  sewer  to  enter  the  new  ones.  This 
work  is  being  carried  on  as  fast  as  the  three  plumb- 
ing firms  of  the  city  can  do  it.  I  feel  that  we 
have  in  Keene  a  system  which  we  can  show  to 
any  one  with  great  pride.  It  is  certainly  the  best 
sewered  city  in  New  Hampshire."  * 

The  area  drained  at  Keene  is  bordered  on  the 
south  and  west  by  Ashuelot  River  ;  passing  through 
its  eastern  portion  is  a  stream  known  as  Beaver 
Brook,  which  serves  for  the  surface-drainage  of  land 
sloping  toward  it  from  the  central  part  of  the 
town  and  from  the  eastern  portion.  Both  of  these 
streams  are  subject  to  excessive  floods  in  the  spring 
of  the  \-car,  the  Ashuelot  attaining  at  times  an 
elevation  of  eight  or  ten  feet  above  its  bed  and  in 
vading   the   lower   part  of    the  town.     The  valley    of 

*  See  also,  on  page  63,  the  report  of  Mr.  P.  F.  Babbidge, 
the   present   superintendent  of   sewers   at    Keene. 
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Beaver    Brook,    especially  below  the    railroad,    is    broad    and  flat,   and    is    during    floods    overflowed  to  a 
great  width. 

The  principal  system  is  discharged  into  the  Ashuelot  at  the  foot  of  Butler's  Court.  It  consists 
of  a  fifteen-inch  vitrified  pipe  as  far  as  its  first  branch ;  thence  north  to  the  Central  Square  of  the 
town  its  diameter  is  12  inches,  extended  for  a  short  distance  at  10  inches,  and  then  at  8  inches.  The 
Beaver  Brook  main  is  15  inches  in  diameter  for  a  distance  of  about  one  and  a  half  miles,  nearly  to 
the  point  where  it  has  an  inlet  for  the  admission  of  the  water  of  the  brook,  the  whole  of  which  it  is 
capable  of   carrying   at    ordinary  times. 

The   profiles  of  the   main   sewer  are   given  in    Fig.    21. 

The  main  street,  below  the  Central  Square,  is  150  feet  wide,  and  to  avoid  the  necessity  for  lay- 
ing house-drains  for  a  long  distance  and  on  very  flat  grades  a  sewer  is  laid  at  each  side  of  the  street. 
Tlie  general  arrangement  is  sufTicientiy  shown  on  the  map.  The  red  dots  at  the  head  of  the  branch 
lines  indicate  flush-tanks.  The  man-holes  could  not  be  clearly  shown  on  so  small  a  scale.  They 
are  scattered   at   intervals  over  the   town,  and   are   built  mainly  at  or  near  junctions  and  angles. 

The  land  at  the  northern  portion  of  the  town  is  a  deep,  dry  sand,  sufficiently  well  drained  naturally. 
In  descending  toward  the  plain  we  soon  reach  permanent  ground-water.  All  of  the  system  laid  in 
land  of  this  character  is  accompanied  by  a  drain  of  common  agricultural  tiles,  closely  jointed  by  wrap- 
ping strips  of  muslin  about  them,  and  discharging  ultimately  into  the  man-holes  of  the  sewers  or  into 
the  brook. 

Especial  attention  is  asked  to  the  fact  that  during  the  first  four  years  of  the  use  of  the  Keene 
system  the  only  stoppage  that  occurred  was  caused  by  articles  mischievously  thrown  into  a  man-hole 
by    boys. 

In  view  of  what  seemed  to  be  the  probability  that  during  floods  of  the  Ashuelot  River  dead  water 
would  set  back  in  the  sewers  to  such  an  extent  as  to  obstruct  their  flow  and  cause  deposits,  it  was 
contemplated  in  the  original  plan  to  construct  on  each  of  the  main  sewers,  just  above  the  outlet,  a 
jet-pump,  having  a  strong  flow  from  the  full  head  of  the  water-works,  discharging  into  eacli  of  the  out- 
let sewers  through  a  large  nozzle.  This  would  keep  the  sewer  down  to  its  normal  flow  under  the 
highest  freshets  It  was  found,  however,  that  during  the  spring  flood  of  1884,  which  was  unusually 
high,  the  natural  flow  of  the  sewers  maintained  a  constant  current  through  the  whole  system.  No 
inconvenience  was  caused  by  the  failure  of  the  house-drains  even  in  the  lower  parts  of  the  town  to 
discharge  freely,  and  it  was  thought   unnecessary  to  carry  out  this  part  of  the  plan. 

Recent  experiments  have  shown  that  the  jet-pumps  will  be  necessary.  The  number  of  houses  con- 
nected has  increased,  and  to  this  there  is  added  the  flow  of  the  under-drains,  which  discliarge  into  man- 
holes, and  leakage  through  improperly  cemented  joints,  as  during  the  wet  spring  of  1888,  so  that  the 
main  outlet  sewer  discharging  at  Butler's  Court  was  found  to  be  incapable  of  carrying  the  whole  flow, 
when  obstructed  by  the  back  water  of  the  river.  Arrangements  have  therefore  been  made  to  construct 
a  jet-pump  at    this  outlet. 

The  Beaver  Brook  main  is  very  long.  Its  inclination  is  generally  only  i  to  833,  and  for  a  con- 
siderable portion  of  its  course  only  i  to  1,000.  It  seemed  possible  that  it  might  accumulate  deposits 
and  need  artificial  flushing.  The  circumstances  were  such  that  it  was  easy  to  give  it  a  very  thorough, 
constant  flush  from  the  upper  part  of  the  brook.  There  was  built  at  its  upper  end  an  inlet-chamber. 
This  is  a  channel  of  brick-work  two  feet  square  with  a  grating  at  its  upper  end  connecting  the  sewer 
with  the  brook.  By  a  simply  arranged  dam  in  the  channel  the  amount  of  water  entering  at  this  point 
can  be  regulated  at  will.  Ordinarily  the  whole  flow  of  the  brook  can  be  carried  through  the  sewer. 
While  this  device  is  believed  to  be  good  and  useful,  experiments  made  recenth"  have  shown  the  nor- 
mal current  of  tlic  sewer  to  be  sufficient  to  remove  whatever  it  ought  to  receive  from  the  houses  along 
its  route,  the  only  deposit  having  been  caused  b}'  tan  bark  which  should  have  been  kept  out. 
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The  flush-tanks  in  Memphis  are  buih  with  single  walls,  and  the  water-pipe  is  carried  directly  through 
the  upper  part  of  the  wall.  In  Keene,  as  a  provision  against  frost,  the  walls  are  made  double  and  the 
water-pipe  enters  the  lower  part  of  the  tank,  rising  above  the  water  level  to  give  access  to  the  stop- 
cock. As  a  further  protection  against  frost,  and  to  supply  air  for  working  the  siphon  when  the  cover 
might  be  hermetically  sealed  with  frost,  the  second  pipe  of  the  sewer  has  a  Y-branch,  which  is  carried 
up  with  four-inch  pipe  into  the  chamber  of  the  sewer  above  the  water  level. 


CHAPTER  XV. 

THE  SEWERAGE  OF  PULLMAN  AND  OMAHA. 

IN  August,  1880,  after  the  success  of  the  system  adopted  in  Memphis  had  been  demonstrated,  the 
work  of  sewering  the  city  of  Pullman  was  begun  under  the  direction  of  Mr.  Benezette  Williams, 
C.E.  The  drainage-works  and  the  method  of  sewage  disposal  here  carried  out  were  so  well  planned 
and  executed  and  the  facilities  for  proper  control,  due  to  the  ownership  of  both  town  and  farm  by  the 
Pullman  Company,  have  been  so  complete  as  to  have  constituted  not  only  one  of  the  most  interest- 
ing but  one   of  the   most   valuable  examples  to  which    American   engineers  have    access. 

The  disposal  of  sewage  at  Pullman  will  be  treated  independently  in  its  proper  place.  What  is 
here  said  relates  only  to  the  interior  sewerage  of  the  town.  Its  site  is  low  and  level,  and  the  sewage 
is   led   to   a   pumping-station,   whence   it    is   delivered    to  the  sewage    farm. 

In  a  paper  read  before  the  Western  Society  of  Engineers  by  Mr.  Williams,  June  5,  1882,  he 
says: 

"  The  mains  leading  from  the  north  and  from  the  west  are  eighteen  inches  in  diameter,  and  the 
one  leading  from  the  south  is  fifteen  inches  in  diameter.  These  mains  are  laid  with  a  grade  of  one 
foot  in   one  thousand   feet. 

"  The  nine-inch  laterals  are  laid  with  grades  varying  from  three  to  four  feet  per  one  thousand  feet, 
and  the  six-inch  laterals  with  grades  of  from  four  feet  to  six  feet  per  one  thousand  feet,  according  to 
circumstances  ;  the  maximum  grade  in  each  case  being  the  one  used  in  all  but  special  cases. 

"  The  minimum  grades  used  are  sufificient  to  give  a  velocity  of  two  feet  per  second.  A  rather 
low  velocity,   it   is  true,  but   the   best   that  could  be  obtained  without  large  additional  expense. 

"At  the  pumping-station  the  mains  are  about  sixteen  feet  below  the  general  grade  of  the  town; 
the  extreme  ends  of  the  six-inch  sewers  in  the  alleys  being  about  six  and  one-half  feet  below  the 
yards  in  rear  of  the  houses. 

"  The  ground   in  which  the  sewers  are  laid   is  a  hard,  tough  drift  clay. 

"  Man-holes  are  one  hundred  and  sixty  feet  apart  on  the  mains  and  generally  two  hundred  feet 
apart  on  all  the  laterals  ;  being  built  also  at  every  change  of  grade  and  direction.  They  are  covered 
with  a  ventilating  iron  cover,  with  a  trough  or  channel  under  the  openings  to  catch  dirt. 

"  It  was  thought  best  to  put  the  man-holes  closer  on  the  mains  than  on  the  laterals,  in  order 
that  a  scraper  might  be  used  to  remove  deposit  which  it  was  feared  would  accumulate,  owing  to  their 
slight  inclination;  in  the  smaller  sewers  flushing  and  the  pill  being  relied   upon. 

"  In  one  instance  only  has  it  been  found  necessary  to  use  a  scraper.  This  was  caused  by  a  heavy 
rain  which  washed  dirt  into  the  sewer  during  construction. 

"  The  flushing  appliances  consist  in  connections  of  the  water-mains  with  the  nine,  twelve,  fifteen, 
and  eighteen-inch  sewers,  and  of  automatic  flushing-basins  on  the  house-drains,  which  flush  the  six-inch 
laterals. 

"  The  house-drains  from  the  sewers  to  the  flushing-basins  are  six  inches  in  diameter.  The  hori- 
zontal pipe  connecting   the   water-closets  arc  four  inches  in  diameter  and    are    connected  outside  of    the 

basins. 
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"  The  sewage  from  sinks  and  wash-bowls  is  usually  canicd  outside  of  the  houses  separate  from 
water-closet  sewage,  the  former  being  admitted  to  the  flushing-basins  and  used  for  flushing.  These 
basins  serve  the  purpose  of  grease-traps,  in  preventing  the  accumulation  of  grease  in  the  sewers  out- 
side of  the  basins.  The  siphons  are  so  constructed  that  the  grease  and  other  scum  is  carried  out  of 
the  basin  when  a  flush  occurs.  The  grease  being  cold  and  carried  along  witli  a  strong  current  cannot 
adhere  to  the  sides  of  the  sewers. 

"  The  houses  being  of  one  ownership  and  management,  from  four  to  si.x  houses  are  connected 
with  one  basin  for  the  sake  of  economy. 

"  Another  very  effective  method  of  flushing  the  mains,  though  not  originally  suggested  as  such,  is 
by  closing  r.  valve  in  the  pipe  connecting  the  sewers  with  the  sewage  reservoir  at  the  pumping- 
station,  until  sewage  has  accumulated  in  the  mains  to  as  great  a  height  as  admissible,  when  by  sud- 
denly opening  it  excellent  results  are  obtained. 

"  In  all  there  has  been  laid  at  Pullman,  up  to  June  i,  1882,  the  following  amounts  of  sewers  of 
the  various  sizes,  exclusive  of  house  connections,  viz  : 

4,356  lineal  feet  of    18-inch  sewers. 

3,176      "  "  "     15    " 

680      "  "  "12    "  " 

3,600      "  "  "       9    "  " 

12,000      "  "  "      6    "  " 

500      "  "  "      4   "  " 


"  Or  24,^12  lineal  feet  in  all,  which,  with  one  hundred  and  thirty  man-holes, 
has  cost  about  $50,000.  This,  of  course,  includes  the  most  expensive  part  of  the  work,  which  was 
done,  much   of  it,  under  very  unfavorable  circumstances,  in  very  hard  ground." 

The  flush-tank  used  in  this  case  is  of  Mr.  Williams's  invention,  being  a  modification  and  elaboration 
of  the   essential  principles  of  Field's   flush-tank. 

All  later  reports  indicate  the  substantial  success  of  the  system   under  the  test  of  continued   use. 

Those  interested  in  the  subject  will  find  it  worth  their  while  to  visit  Pullman — better  after  an  in- 
terview with  Mr.  Williams,  who  may  be  found  in  Chicago. 


OMAHA. 

In  1 88 1  I  made  a  plan  for  the  sewerage  of  Omaha,  accessory  to  certain  storm-water  sewers  and 
water-courses  already  provided  for,  contemplating  the  construction  of  small  pipe  sewers  for  foul  drain- 
age only,  flushed  with  automatic  flush-tanks — the  same  system  that  was  in   use  in   Memphis. 

Omaha  is  especially  well  situated  for  the  use  of  the  small  pipe  system,  having  a  rapid  and  quite 
uniform  inclination.  The  alignment  of  the  system  is  extremely  simple,  consisting  almost  entirely  of 
parallel  lines  of  sewers  laid  mainly  in  alleys,  by  which  the  blocks  are  intersected  in  one  direction. 

This  system  has  been  very  fully  carried  out,  and  the  result  is  obviously  satisfactory  to  the  commu- 
nity.    The  mayor  in  his  annual  message  of  1886  says: 

"The  health  of  the  city  depends  in  a  great  measure  upon  its  supply  of  water  and  its  system  of 
sewerage.  It  is  gratifying  to  know  that  our  city  is  free  from  the  odious  gases  and  odors  that  in  most 
other  cities  are  emitted  from  sewers  at  every  corner  of  their  streets.  According  to  the  report  of  the 
sewer  inspector  there  was  but  $2,285  09  expended  for  salaries  and  in  keeping  our  system  in  good  work- 
ing condition.  This  is  certainly  a  very  small  sum.  There  can  be  no  doubt  that  the  Waring  system 
of  sewerage  is,    for    sanitary    purposes,    the    best    ever    devised.     It    is    not    intended    for    storm-water    or 
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waste-water  from  elevators,  and  in  the  business  portion  of  the  city  other  means  will  have  to  be  pro- 
vided for  tlie  overflow  from  the  latter.  One  hundred  thousand  dollars  in  bonds  have  been  voted  for 
sewerage  purposes,  and  1  would  advise  that  the  Waring  system  be  extended  as  fast  as  possible  ;  it  is 
the  cheapest  system  extant." 

A  local  editor,  writing  clearly  without  the   fear  of  "  overstatement  "  before  his  eyes,  says  : 

"  The  capacity  of  six-inch  pipes  to  carry  water  astounds  the  common  mind,  but  Waring  and  com- 
petent engineers  knew  what  they  could  do  and  it  is  done.  Omaha's  sewer  system,  inaugurated  under 
the  first  administration  of  Mayor  Boyd,  has  paid  for  itself  forty  times  over  already  in  the  .service  and 
relief  and  comfort  in  their  homes  and  on  our  streets  which  it  has  given  to  the  people,  in  spite  of 
now  and  then  an  obstruction  in  the  way  of  a  paint-brush  or  an  old  boot,  which  want  of  attention  and 
police  have  caused  the  doubters  to  condemn  a  system  as  a  fraud  which  is  proving  of  such  inestimable 
service  and  value  to  the  people." 

I  have  thought  it  excusable  to  introduce  these  quotations  as  showing  the  continued  success  of  a 
small-pipe  system  in  a  town  which,  since  the  work  was  first  introduced,  has  in  its  main  parts  more 
than  doubled  in  density  and  extent  of  population.  When  the  plan  was  made  Omaha  was  a  very  thriv- 
ing and  promising  but  comparatively  new  town  with  few,  if  any,  metropolitan  characteristics.  Since 
the  sewers  were  constructed  many  large  offices,  buildings,  stores,  etc.,  have  been  constructed,  involv- 
ing the  use  of  a  large  number  of  hydraulic  elevators.  A  few  of  the  lines  with  which  these  elevators 
are  mainly  connected  have  been  found  too  small  to  remove  the  flood  of  water  thereby  introduced  into 
them,  and  in  one  case  at  least  the  sewer  has  been  increased  from  six  inches  to  eight  inches.  Where 
this  condition  does  not  exist  the  six-inch  pipes  are  amply  adequate  for  the  duty  imposed  upon  them. 


CHAPTER  XVI. 

THE    SEWERAGE    OF   SAN    DIEGO. 

^^I'HE  case  of  San  Diego  is  unique.  It  is  the  only  town  in  the  country,  so  far  as  I  know,  that  has, 
^^^  of  its  own  motion,  introduced  a  complete  system  of  sewerage  in  what  may  be  called  its  foundation 
period.  It  has  38^  miles  of  graded  streets,  and  it  has  already  t,8^  miles  of  sewers  and  Hy'V  miles  of 
house  branches.  Pullman  was  completely  sewered  at  the  outset,  but  the  cases  are  somewhat  dissimilar, 
as  Pullman  is  owned  and  controlled  by  a  single  corporation,  and  the  action  taken  was  in  no  sense  due 
to  the  community  living  there. 

San  Diego  is  the  only  sea-port  of  Southern  California  having  a  good  harbor.  Its  superiority  in 
this  respect,  and  its  remarkable  climate,  caused  it  to  come  into  prominence  at  once  on  the  opening  of 
Southern  California  to  the  world  by  the  completion  of  competing  railroad  lines.  The  excitement 
attending  this  opening  was  very  great,  and  a  large  population  poured  into  the  region  with  great  rapidit)'. 
The  enterprising  people  of  San  Diego,  when  its  population  was  only  about  five  thousand,  conceived 
the  idea  that  full  advantage  could  not  be  taken  of  its  attractiveness  as  a  health  resort  unless  its  sani- 
tary condition  were  made  conspicuously  good,  and  the  subject  of  sewerage  was  agitated  in  a  very 
effective  manner. 

I  was  employed  at  this  period  to  malce  a  plan  for  its  sewerage.  It  was  then  tliought  that  provision 
should  be  made  for  a  future  population  of  30,000.  The  plan  for  the  work  was  submitted  in  January, 
1887.  Its  estimated  cost  was  over  $300,000,  exclusive  of  outlet  works.  It  was  decided  to  issue  bonds 
for  $400,000  bearing  interest  at  the  rate  of  five  per  cent,  per  annum.  So  effectively  was  the  subject 
discussed  and  advocated  that  the  election  resulted  in  1,083  votes  being  cast  for  the  issue  and  only  84 
votes  against   it. 

The  bonds  were  sold  for  a  commission  of  $10,000,  leaving  a  net  sum  of  $390,000  available  for  the 
work. 

Ground  was  broken  about  the  middle  of  July,  1887,  and  on  the  30th  of  June,  1888,  the  last 
pipe  had  been  laid  and  the  whole  work  substantially  finished  at  a  total  cost,  including  outlet,  of 
$386,108  71. 

I  made  four  visits  to  San  Diego  during  the  progress  of  the  work.  In  April,  1887,  I  found  a 
population  of  nearly  11,000,  in  August  of  over  20,000,  and  in  February  of  about  33,000.  Before  my 
last  visit  in  June  "  the  boom  had  collapsed,"  and  the  withdrawal  of  speculators  and  of  a  large  force  that 
had  been  employed  in  grading  streets  and  building  sewers,  both  now  completed,  had  reduced  the  popu- 
lation to  less  than  27,000.  Evidently  the  stimulation  of  growth  that  had  raised  the  excitement  in 
Southern  California  to  fever  heat  had  led  to  excessive  developments  here,  as  in  Los  Angeles ;  but 
both  towns  are  obviously  established  on  a  secure  foundation,  and  need  onl)-  wait  for  the  effect  of  the 
development  of  the  agricultural  and  commercial  resources  of  the  counti)',  antl  of  its  advantages  as  a 
resort   for  pleasure  and   for  health. 

Plate  VII.  shows  the  location  of  .San  Diego  with  reference  to  its  harbor  and  projecting  headlands, 
and  the  relation  of  the  sewerage  of  the  citj-,  aggregating  a  length  of  about  38  miles,  with  reference 
to  the  tidal  flow  of  the   channel. 
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The  main  sewer  is  of  vitrified  pipe  24  inches  in  diameter  for  a  length  of  6,500  feet.  It  is  con- 
tinued 1,200  feet  farther  with  a  diameter  of  18  inches.  The  entire  line  has  an  *  inclination  of  i  to 
700.  At  its  head  there  is  a  Rogers  Field  flush-tank  in  the  course  of  the  sewer,  and  filled  with 
sewage  from  the  region  beyond,  having  a  discharging  capacity  of  24,000  gallons.  The  discharging  limb 
of  the  siphon  is  8  inches  in  diameter.  The  discharge  of  this  flush-tank  produces  a  marked  effect 
throughout  the  whole  length  of  the  main.  Another  large  flush-tank,  discharging  3,000  gallons,  is 
placed  at  the  head  of  a  fifteen-inch  sub-main  running  south,  parallel  with  and  next  to  the  shore  of 
the  bay.      This  is  in  like  manner  to  be  fed  by  the  sewage  of  the  'district  tributary  to  it. 

At   a   distance  of    1,500  feet    from    the   lower   end   of  this  main  line  there    is   a   flushing-inlet    from 


Section  Showing  Gate  at  X. 


Fig.  22    Flushing-Inlet  on  Main  Sewer,  San  Diego. 


the  harbor,  12  inches  in  diameter,  which  is  brought  into  operation  at  each  high  tide  (Fig.  22).  This 
inlet  is  protected  by  a  brass  valve  gate,  swung  at  the  ends  of  long  arms,  against  the  outflow  of 
sewage. 

Man-holes  are  used  at  frequent  intervals  on  sewers  of  ten  inches  diameter  and  larger.  On  eight- 
inch  and  six-inch  sewers,  oblique  inspection-pipes,  set  in  pairs  and  reached  from  the  surface  of  the 
street  through  a  man-hole  cover,  are  used  at  intervals  of  about  300  feet  (see  Fig.  23). 
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Fig.   23      Inspection-Pipes  at  San   Diego. 


There  is  an  automatic  Field  flush-tank  fed  from  the  water-supply  placed  at  the  head,  or  dead 
enil,  of  each  lateral  sewer  of  the  system.  Four-inch  Y  brandies  arc  inserted  for  house  connections 
opposite  every  lot  in  the  city.  Wherever  the  formation  of  the  ground  is  such  as  to  make  it  possible 
to  drain  a  whole  block  by  interior  back  drainage,  a  six-inch  Y-branch  is  provided  for  such  use,  and  it 
is    understood    that    property  owners  will    be    allowed    to    make    their   connections    in    this   way   if   they 
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lay,  under  the  direction  of  the  city  engineer,  entirely  through  the  block,  a  six-inch  pipe-sewer  with  a 
flush-tank  at  its  head.  The  prohibition  against  the  admission  of  roof-water  or  surface-water  is  abso- 
lute, and  it  is  required  that  all  connection  with  the  sewers,  whether  lateral  drains  to  the  centre  of  the 
street  or  the  interior  plumbing  work  of  houses,  shall  be  constructed  according  to  specified  rules  and 
under  the  close  inspection  of  a  city  officer  employed   for  the   purpose. 

The  rates  of  inclination  for  lateral  sewers  are  unusually  good.  In  only  two  or  three  instances, 
and  here  only  for  short  lengths  and  far  from  the  upper  ends  of  the  sewer,  is  so  light  a  grade  as  i  to 
300  used.  In  the  more  level  portions  of  the  town  i  to  100  is  common,  and  many  of  the  laterals  arc 
much  steeper  than  this.  Probably  the  houses  of  one-fourth  of  the  population  are  already  connected, 
and   all  question  as  to   the   success  and  efficiency  of  the  system  seems  to  be  fully  satisfied.     House  con- 


HARBOR 
Fig.  24.    Plan  of  Outlet  Appliances  for  Emptying  the  Sewage  Reservoir  In  San  Diego  Harbor. 


nection  is  compulsory,  and  it  is  hoped  that  by  the  end  of  this  j-ear  the  entire  city  will  be  connected, 
every  privy,  cesspool,  and  private  drain  on  the  whole  area  being  finally  and   for  ever  banished. 

The  main  sewer  is  continued  from  the  shore  to  a  sewage  reservoir  in  the  harbor,  a  distance  of 
1,100  feet    with  a  twent)'-four-inch   iron  pipe  laid  with  a  fall  of  six  inches  in   its  entire  length. 

The  reservoir  in  the  harbor  is  200  feet  square  in  the  clear,  and  has  a  capacity,  to  the  height  of 
ordinary  high  tides,  of  about   1,500,000  gallons. 

The  sewage  reservoir  is  constructed  of  creosoted  lumber.  10x10  piles  were  driven  into  the 
solid  bottom  in  two  rows,  ten  feet  and  six  inches  apart,  the  two  rows  being  connected  h}-  iron 
rods.  The  opposite  faces  of  these  two  rows  of  piles  were  lined  with  three-inch  planks  spiked  to  them  ; 
the  intervening  space,  ten  feet  in  the  clear,  was  filled  with  well-puddled  chu',  making  a  substantialh' 
tight   enclosure  around   the  whole   area.       The    top    of    the    wall    is    ])lanked    over    at    a    height    of   about 
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three  feet  above  the  highest  tide  and  is  to  be  furnished  with  guard-rails.  It  is  believed  that  this 
creosoted  lumber  will  withstand  the  ravages  of  the  teredo,  at  least  for  five  or  six  years,  to  which 
time  the  construction  of  a  concrete  wall  entirely  around  the  structure  has  been  postponed  as  too 
costly  for  the  present  financial  condition  of  the  city. 

As  it   will    be   a   lons^  time  before   the    flow   of    sewage   and   the    flushing-inlet  above  described,  from 
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Fig.  25 


the  harbor  to  the  main  sewer,  will  f^ll  the  tank  between  tides,  or  indeed  in  a  whole  day,  to  anythmg 
like  its  capacity,  valved  inlet-gates  have  been  provided  for  the  admission  of  such  an  amount  of  sea- 
water  as  may  be  necessary  to  raise  the  level  of  the  contents  of  the  reservoir  to  at  least  the  height  of 
ordinary  high  tides. 

The   outlet   from    this   reservoir   is   through   an   iron   pipe   thirty  inches   in   diameter  and   six   hundred 
feet    long,    laid    on    the    floor  of    the   harbcr    and    delivering    at    the    bottom    of    the    deep    channel    where 
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there  is  a  draught  of  over  thirty-three  feet  at  mean  tide.  This  outlet-pipe  opens  not  directly  into 
the  reservoir,  but  into  a  discharging  chamber  of  wliich  tlie  gate  is  worked  automatically  by  the  action 
of  the  tide. 

The  accompanying  illustrations  show  the  arrangement  and  the  essential  details  of   these  appliances. 

Fig.  24  (page  145)  is  a  plan,  in  which  A  is  a  chamber  connected  with  the  harbor  by  a  ten-inch 
pipe,  Aff,  and   containing   the  bell    E.      B   is  a    gate-chamber  connected   with   the  reservoir   by    a    thirt)-- 


Fig.  26.  Vertical  Section  from  Reservoir  to  Harbor  through  Chamber  B. 


mch  pipe,  R  B,  and  with  the  channel  by  the  main  outlet-pipe,  "Qb,  thirty  inches  in  diameter.  C  is 
the  inlet-chamber  connected  with  the  reservoir  by  the  channels,  D  and  D,  and  with  the  harbor  by 
the  pipe  C  <:.  G  G  is  a  brass  gate  closing  against  a  brass  seating  at  the  end  of  the  pipe  R  B,  and 
held  in  place  by  the  toggle-strut,  T  T,  also  of  brass.  This  strut  is  hinged  to  the  gate  and  to  eyes  in 
the  opposite  wall,  so  that  the  joint  may  open  upward  at  jj.  k  is  an  eye  at  the  top  of  the  stirrup 
attached   to   the  hinge-pin   of    the  joint, yy",  by    wiiicli    this  joint    may    be    lifted,  the    force    of    the    strut 
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relieved,  and  the  gate,  G  G,  opened.  There  are  no  valves  on  the  pipes  A  a,  B /',  and  Cc,  the  tide 
rising  and  falling  freely  in  the  eliambers  A,  B,  and  C.  The  channels  D  and  D  are  provided  with 
gates,  f  6),  which  open  to  admit  sea- water  to  the  reservoir,  raising  the  same  to  any  desired  height  less 
than  that  of  high  tide.  The  gates,  //,  are  flap-gates,  preventing  the  escape  of  the  contents  of  the 
reservoir  when  the  tide  falls  in  the  chamber  C  ;  f  and  f  are  floats  operating  the  gates  o  and  o.  These 
are  adjustable,  allowing  these  gates  to  be  opened  and  closed  at  any  desired  stage  of  water  in  the 
reservoir.     S   and   S  are  chutes  carrying  the  inlet-water  beyond  the  float-frame  into  the  reservoir. 

Fig.  25  (page  146)  is  an  elevation  of  the  same  work.  In  the  chamber  A  the  bell  E  is  shown  sus- 
pended from  a  pulley,  which  pulley  is  connected  by  a  slack  rope  with  a  support  above.  The  bell  E  is 
of  copper,  having  an  opening  at  its  bottom  protected  by  wire-cloth,  and  at  its  top  an  air-valve,  I, 
opening  upward.  It  also  has  an  air-pipe,  //,  opening  into  its  upper  portion  and  extending  to  a  point 
a  little  higher  than  the  extreme  bottom  of  the  bell.  In  chamber  B  there  is  shown  an  elevation  of 
the  gate  G  G  and  a  cross-section  of  the  toggle-strut  T  T,  with  its  joint-pin,  jj,  and  stirrup  adjust- 
ment at  /',  to  which  is  attached  a  rope  passing  over  a  pulley  above,  under  the  pulley  from  v\'hich 
the  bell  E  is  suspended,  and  thence  to  a  fast  point.  In  connection  with  the  chamber  C  is  shown 
a  vertical  section  through  the  gates  o  and  /,  the  channel,   D,  and  t!ie  chute,  S,   into  the  reservoir. 

Fig.  26  (page  147)  is  a  section  through  the  chamber  B,  showing  the  position  of  the  toggle-strut, 
T  T,  and    the  gate,  G  G,  when  open   and  when   closed. 

The  operation  of  the  apparatus  may  best  be  explained  in  connection  with  Fig.  25,  wherein  the 
gate  is  represented  as  being  closed  and  locked  by  the  extended  position  of  the  strut,  T  T  (as  shown 
in  solid  lines  in  Fig.  26).  The  bell  is  empty  and  is  suspended  a  little  below  high  water  mark.  As  the 
tide  rises  it  enters  through  the  wire-cloth  screen  at  the  bottom  of  the  bell  and  rises  through  it,  forcing 
out  its  contained  air  through  the  valve  I.  As  the  tide  falls,  air  is  excluded  by  the  valve  I  and  water 
is  retained  in  the  bell.  When  the  tide-water  outside  of  the  bell  shall  have  fallen  far  enough  to  have 
developed  sufificient  weight  of  its  contents  the  bell  falls,  drawing  down  its  pulley  and  producing  twice 
its  motion  at  the  stirrup  of  the  strut.  This  breaks  the  toggle,  the  pressure  from  within  aids  in  open- 
ing the  gate,  and  the  bell  is  again  submerged  by  dropping  into  the  falling  tide-water.  The  continued 
falling  of  the  tide  draws  the  bell  down  either  to  the  extreme  point  to  which  the  bent  strut  (Fig.  26, 
dotted  lines)  will  allow  it  to  fall  or  to  a  higher  point,  at  which  it  may  be  stopped  by  the  check-rope 
above  its  pulley.  By  the  weight  of  its  contained  water  it  holds  the  gate  open  until  the  tide  shall  have 
fallen  below  the  mouth  of  the  air-pipe,  h.  This  is  to  be  adjusted  by  the  length  of  the  check-rope, 
so  as  to  be  unsealed  about  one  hour  before  dead  low  water.  As  soon  as  air  is  admitted  at  this 
point  the  water  flows  out  of  the  bell,  which  then  becomes  lighter  than  the  gate  and  strut,  and  these 
drop  to  their  normal  position  to  await  the  falling  of  the  next  tide.  The  position  of  the  bell  may  be 
adjusted  either  by  the  check-rope  above  or  by  the  rope  that  supports  the  flying  pulley,  so  as  to  cover 
a  considerable  range  of  the  tide,  allowing  the  gate  to  be  opened  and  closed  early  or  late  or  for  a 
longer  or  shorter  time. 

The  opening  and  closing  of  the  gates  00  on  the  inlet  channel  D  is  effected  by  the  floats//  on 
the  reservoir  side  of  the  wall.  The  gates  close  by  gravity,  being  tripped  when  the  stop  z'  rises  to 
the  desired  point.  They  are  opened  by  the  drawing  down  of  the  lever  arm.  r,  by  the  cross-bar,  w,  on  the 
vertical  stem  of  the  float.  Both  stops  can  be  set  at  any  point  desired.  When  the  contents  of  the 
reservoir  rise  to  the  appointed  level  the  lever  is  tripped  and  the  gates  close.  As  the  reservoir  is  dis- 
charged on  the  falling  tide,  the  floats  //  become  weights^  wliich,  by  the  cross-bar,  «',  lower  the  lever 
arm,  r,  which  is  caught  and  held  by  the  latch  shown  at  q.  As  the  inlets  D  are  below  the  ordinary 
reach  of  the  tide,  there  is  a  considerable  inflow  during  its  higher  stages  tending  not  only  to  dilute 
the  accumulated  sewage  in  the  reservoir  but  also  to  give  head  for  its  delivery  during  the  falling 
tide. 
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While  this  apparatus  is  automatic  in  its  working,  the  tides  of  San  Diego  Harbor  are  such  that  it 
will  require  adjusting — say,  twice  a  month — on  the  approach  of  spring  tides  and  on  the  approach  of 
neap  tides. 

Gaugings  taken  in  connection  with  this  work,  extending  from  May  5  to  September  11,  1887, 
showed  the  following  variations  : 

Highest  high  water —  2 

Lowest       "        "     —    5.5 

"  low      "     —10.6 

Highest      "        "     —  6.1 

The  extreme  range  is  8.6.  The  least  range  is  0.6.  During  spring  tides  there  is  a  difference  be- 
tween the  high  tides  of  the  morning  and  evening  and  between  the  low  tides  of  the  morning  and  even- 
ing of   about  two  feet. 

This  makes  the  extreme  range  between  the  highest  high  tide  and  the  lowest  low  tide  of  one  day 
about  seven   feet.     During  neap   tides  the  variation  is  much  less,  often   immaterial. 

To  meet  these  varying  conditions,  when  the  tides  have  settled  to  a  tolerably  uniform  run  ap- 
proaching the  period  of  neap  tide  the  gate  can  be  adjusted  to  discharge  at  each  tide.  As  the  variation 
increases,  making  a  wide  range  between  the  highest  high  tide  and  the  lowest  low  tide,  the  best  effect 
will  be  secured  by  adjusting  the  parts  to  open  and  close  the  gate  early  and  late  in  the  ebb  of  the 
highest  tide  only,  allowing  the  discharge  under  these  strong  tides  to  take  place  only  once  a  day. 

The  area  of  San  Diego  Harbor  inside  of  the  position  of  the  reservoir  is  about  12^  square  miles. 
The  average  rise  and  fall  for  this  area  will  be  not    far  from  4  feet,  rarely  less  than   2   feet. 

The  immense  amount  thus  to  be  discharged  at  all  tides  must  fiow  mainly  through  the  narrow 
ship-channel,  toward  which  the  shallower  waters  of  the  bay  are  constant!}'  tending  during  the  ebb.  It 
is  believed  that  sewage  discharged  in  the  full  flow  of  the  ebb  tide,  but  not  later  than  one  hour  before 
low  tide,  will  be  carried  beyond  Ballast  Point  and  mainly  beyond  Point  Loma,  with  no  probability  of 
its  return  in  any  perceptible  degree  to  the  waters  of  the  harbor  or  to  the  shore  inside  of  Ballast 
Point. 

This  is  the  first  application  ever  made  of  this  particular  method  of  operating  the  outlet  gates  of  a 
sewer  and  the  first  instance,  so  far  as  I  know,  of  the  application  of  automatic  apparatus  to  the  empty- 
ing of  a  sewage  reservoir  into  a  tidal  outlet  during  a  given  portion  of  the  ebb  tide.  It  is  not  unlikely 
that  the  details  of  the  machinery  will  have  to  be  modified  in  some  respects,  but  the  short  time  during 
which  the  San  Diego  outlet  has  been  in  operation  seems  to  have  demonstrated  the  practical  success 
of  the  process. 

The  accompanying  map  of  the  city  (Plate  VIII.)  shows  the  complete  alignment  of  the  sewers, 
with   the   location   of   manholes  and   flushing-tanks. 


CHAPTER    XVII. 

THE  SEWERAGE  OF  STAMFORD— A  DOUBLE  SYSTEM. 

HE  borough   of    Stamford,  Connecticut,   has   recently  been   sewered    on    the    double    system;    there 
being    one    set    of   sewers    for    the    removal   of    foul  sewage  and   one  for    storm-water,  the   former 
being  supplied  with  a  pumping  outlet. 

I  was  the  engineer  of  this  work,  making  the  plans,  drawing  the  specifications,  and  tightening  the 
requirements  of   the  terms  under  which   contractors  were  to  bid  on  the  work. 

This  being  done,  and  with  the  full  knowledge  of  the  committee,  in  fact  in  accordance  with  their 
wish,  I  caused  a  bid  to  be  submitted  by  Drainage  Construction  Company,  in  which  I  am  interested. 
The  company  was  found  to  be  the  lowest  bidder,  and  the  contract  was  awarded  to  it.  My  profes- 
sional relation  with  the  work,  so  far  as  its  execution  was  concerned,  then  ceased,  an  engineer  for  its 
control  being  appointed   by  the  borough. 

The  company  sublet  the  contract  for  the  supply  of  vitrified  pipe  to  one  party  and  for  pumping- 
engines  to  another.  The  furnishing  of  the  rest  of  the  material  and  the  execution  of  the  work  it 
gave  to  a  third  sub-contractor,  who  was  well  represented  to  us  as  having  the  necessary  experience, 
skill,  and  financial  backing.  In  lieu  of  bonds,  the  contract  authorized  the  borough  to  retain  twenty- 
five  per  cent,  of  the  monthly  estimates  and  final  payment  as  a  fund  for  completing,  repairing,  or 
perfecting  any  work  that  might  be  found  faulty.  We  arranged  with  our  sub-contractor  that  we  were, 
in   like   manner,  to   retain  twenty   per  cent,  of  the  payments  due  to  him  as  the  work  progressed. 

It  soon  became  evident  that  this  sub-contractor  was  a  man  of  straw  and  that  the  wheat  was  in 
the  hands  of  his  financial  backers.  He  early  showed  himself  to  be  unfit  for  his  position,  and,  at  the 
request  of  his  backers,  we  permitted  an  assignment  of  his  contract  to  another  person,  who  was  their 
agent  in  another  business.  Thus  far  little  harm  had  been  done.  But  we  soon  found  that  we  were 
powerless  in  the  hands  of  an  unskilful  contractor  whose  financial  sponsors  were  doing  all  they  could 
to  avoid  financial  responsibility  for  him.  Instead  of  abandoning  the  work  at  once,  which  might  have 
been  done  with  little  loss  to  the  company  and  with  no  loss  to  the  borough,  we  took  an  optimistic 
view  of  the  promises  held  out  to  us,  and  went  on  as  best  we  might.  It  was  obvious  before  a  month 
had  passed  that,  through  ignorance  and  bad  management,  the  sub-contractor  was  losing  money  and 
losing  heart.  Finally,  after  about  six  months'  endeavor,  he  absconded  with  his  valuables,  "  between 
two  days,"  failing  to  apply  to  his  pay-roll  a  check  for  over  $5,000  asked  for  for  this  purpose.  He 
left  behind  him  a  large  pay-roll  and  many   debts  to  local  dealers. 

We  accepted  the  suggestion  that  we  had  been  responsible  for  his  connection  with  the  work,  and, 
although  it  was  conceded  that  we  had  no  legal  responsibility  in  the  matter,  we  paid  all  of  these  obli- 
gations. 

As  sometimes  happens,  the  indications  derived  from  the  digging  of  cellars  and  the  laying  of  wa- 
ter and  gas  pipes,  all  showing  a  probability  of  very  good  material  for  excavation  and  sewer  laying, 
proved  to  be  misleading  when  tested  by  the  deeper  work  of  sewerage.  Stamford  is  practically  under- 
laid by  a  lake  filled  with  cobble-stones  and  coarse  gravel.  Many  thousand  feet  of  the  sewers  are  laid 
in  this  lake,  and  some  of  them   under  a  head  of  three  or  four  feet  of   water.     The   sub-contractor   had 
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been  permitted  to  lay  important  lines  in  this  water,  working  from  the  lower  end  of  the  drain  upward 
and  draining  the  ditch  through  his  completed  piping.  This  not  only  caused  the  deposit  of  a  good 
deal  of  troublesome  silt  in  the  pipes,  but  it  prevented  the  inspectors  from  judging  of  the  tightness  of 
the  work.  The  result  was  that  in  one  case  a  ten-inch  pipe-sewer  about  fifteen  hundred  feet  long  ran 
half-full  of  underground  water  after  the  work  was  closed  in.  Payment  for  this  section  was  properly  refus- 
ed, and  the  line  was  opened  and  the  joints  reinforced,  at  first  with  clay  puddle  and  later  with  Portland  ce- 
ment mixed  with  plaster  to  secure  quick  setting.  I  think  that  the  clay  puddle  made  the  joints  tight,  but 
that  there  was  a  considerable  leakage  at  the  Y-branches  due  to  another  cause,  which  was  not  remedied. 
The  use  of  the  cement  and  plaster  was  not  successful,  and  later  investigations  made  it  evident 
that  the  swelling  of  the  plaster  had,  in  some  cases,  the  effect  of  breaking  the  collars  or  of  forcing 
the  band  of  cement  entirely  away  from  the  pipe.  At  all  events,  when  the  work  was  finished  the 
second  time   there  was  still  far  more  leakage  than  could    be  accepted. 

The  construction  of  a  storm-water  sewer  of  brick,  four  feet  in  diameter  and  about  one  thousand 
feet  long,  in  very  unstable  ground,  was  so  badly  done,  in  spite  of  planking  under  the  invert  and  in 
spite  of  the  control  of  the  borough  engineer,  that  it  gave  way  in  the  crown  and  at  the  haunches,  and 
had  to  be  repaired  at  a  cost  nearly  equal  to  the  estimate  for  its  original  construction.  Before  the 
arch  was  relaid  close  sheet  piling  was  driven  to  a  solid  foundation  and  held  in  place  by  galvanized- 
iron  rods  passed  through  waling-strips  and  screwed  up  taut.  The  sewer  is  now  a  better  structure  than 
the  original  contract  called  for,  but  it  has  cost  fully  twice  the  contractor's  estimate  for  construction 
A  two-foot  storm-water  sewer  extending  from  the  head  of  this  larger  one  had,  in  like  manner,  to  be  re- 
laid  with  the  care  and  attention  that  the  inspectors  had  failed  to  secure  in  the  case  of  the  original 
work. 

It  would  be  easy  to  continue  the  account  of  abandoned  work  that  had  to  be  renewed  at  a  cost 
greater  than  that  of  original  construction ;  of  bad  work  to  be  done  over ;  of  leaking  sewers  to  be 
made  tight  ;  of  settled  and  cracked  man-holes  to  be  repaired,  and  of  miles  of  silt  and  gravel  to  be  re- 
moved from  sewers  that  were  otherwise  satisfactory.  What  with  rain,  frost,  snow,  financial  difificulty, 
embarrassments  incident  to  local  politics,  and  the  slow  and  uncertain  progress  always  attending  repairs, 
this  work,  which  should  have  been  finished  in  the  summer  of  1887,  dragged  its  weary  length  along 
to  the  autumn  of  1888.  Even  at  this  writing  a  little  more  repairing  is  to  be  done  and  a  vast  num- 
ber of  disputed  items  are  to  be  adjusted  by  arbitration. 

The  outcome  of  the  whole  business  will  be  a  large  pecuniary  cash  loss  to  the  contracting 
company.* 

Two  elements  of  the  Stamford  sewerage  were  mistakes.  The  most  important  one  was  the  resort 
to  gas-engines  for  pumping  power.  This  would  have  been  all  right  had  we  been  dealing  only  with 
ordinary  wet  ground,  and  with  only  the  amount  of  leakage  incident  to  such  ground.  So  much  of  the 
system  is  laid  under  a  head  of  free-flowing  water  that  even  a  pin-hole  becomes  serious,  and  a  cracked 
pipe-collar  very  serious;  therefore,  although  the  amount  of  leakage  has  been  reduced  to  what  would 
only  be  considered  an  advantage,  with  a  view  to  a  clean  current,  in  a  gravity  system  and  would  not 
be  worth  considering  with  steam-pumping,  it  is  somewhat  serious  with  gas-pumping  where  the 
amount  of  fuel  consumed  bears  a  most  exact  relation  to  the  amount  of  work  to  be  done.  I  believe 
that  gas-engines  are  well  suited  to  the  pumping  of  sewage  under  the  separate  system  in  all  cases 
where  only  the  ordinary  amount  of  ground-water  is  to  be  contended  with. 

The  other  mistake  is  one  which  was  especially  unfortunate  in  this  wet  work,  but  which  I  think 
would  be  a  mistake  under  any  circumstances.  That  is,  the  requirement  made  in  these  specifications 
to  extend    each    four-incli   Y-hi'anch   for    house   connection    with    a   two  focit    length    of   fmir-inch   pipe.      It 

*  This  somewhat  personal  statement  is  made  here  because  of  its  possible  suggestion  10  yonngt-r  engineers  that  it  may  be   wise  for 
them  to  content  themselves  vviih  pro'e'-siunal  employment. 
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was  more  difficult  for  the  inspectors  to  control  the  manner  in  which  these  pipes  were  supported  and 
the  character  of  the  filling  about  them  than  to  control  any  other  part  of  the  work.  In  many  cases 
we  found,  in  making  repairs,  that  the  support  given  to  the  pipes  had  been  washed  away,  allowing 
them  to  fall  and  open  the  joint  or  even  break  the  bell  of  the  branch,  either  difficulty  opening  a  seri 
ous  leak  into  the  system.  While  the  recommendation  to  introduce  this  pipe  during  the  first  con- 
struction of  the  work  was  especially  bad  in  Stamford,  I  am  satisfied  that  it  would  not  be  good  any- 
where. Its  purpose  was  to  keep  the  plumber  at  arm's  length  from  the  sewer  and  allow  him  to 
break  only  ihis  extension-piece,  if  he  must  break  anj'thing.  The  result  has  shown  that  the  extension- 
pieces  themselves  probably  broke  more  Y  branches  than  would  have  been  broken  in  the  house  con- 
nections of  the  whole  borough. 

The  sewerage  of  Stamford  (Plate  IX.)  is,  to  a  considerable  extent,  on  what  may  be  called  the  double 
system.  A  large  part  of  the  area  is  low  and  the  conformation  is  such  as  to  lead  to  the  accumulation 
of  storm-water  at  a  number  of  different  points.  A  considerable  amount  of  rough  surface-sewerage 
work  had  been  done  from  time  to  time,  and  wooden  drains,  stone  drains,  and  here  and  there  a  pipe 
drain  were  found  as  the  work  progressed.  One  portion  of  the  area  is  pretty  nearly  down  to  tide- 
water. This  was  seriously  affected  by  all  heavy  rains.  The  storm-water  system,  as  constructed,  is  a 
gravity  system  which  delivers  at  points  where  it  would  be  improper  to  deliver  foul  sewage.  In  fact, 
no  point  for  the  proper  delivery  of  this  by  gravity  could  be  found.  The  combined  system  was  therefore 
entirely  out  of  the  question,  and  the  separate  system  with  pumping  outlet  was  adopted. 

The  foul-water  system  comprises : 

44,879  feet  of  6-inch  sewers. 

11,354  "  "   8     " 

8,136  "  "    10  "  " 

2,077  "  "    12  " 

3,161  "  "    15  " 

1,01s  "  "    18  " 


Total,  70,622  " 
The  storm-water  comprises  : 

7,421  feet  of  12-inch  pipe  sewers. 

1,809         "  "  18        "  "  " 

1,023     "  "  24    "     brick  sewers. 

1,011     "  "  48    "         "  " 


Total,   11,476     " 

There  are  thirty-one  storm-water  inlets,  thirty-seven  man-holes,  sixty-eight  ordinary  flush-tanks,  and 
three  large  flush-tanks. 

The  foul  system  delivers  by  two  main  lines  into  a  pumping-well  at  a  depth  of  13  feet  below 
ordinary  high  tide.  The  mean  range  of  tide  is  from  9  feet  to  16^  feet  above  datum.  Extreme  tides 
run  3  feet  lower  and  considerably    higher. 

The  sewage  is  pumped  from  the  well  by  three  ten-inch  pumps,  each  driven  by  a  spur-geared  con- 
nection with  an  Otto  gas-engine.  The  pumps  deliver  into  a  stand  pipe  from  which  a  twelve-inch 
outlet,  consisting  of  5,981  feet  of  vitrified  pipe  and  1,200  feet  of  cast-iron  pipe,  is  carried  in  a  direct 
line  across  a  salt  marsh,  discharging  on  the  floor  of  the  Sound  about  900  feet  beyond  ordinary  low- 
water  mark  anil   300  feet  beyond  extreme  low  water. 

The  sewers  are  provided  with  man-holes  on  all  lines  ten  inches  or  more  in  diameter,  and  with 
Phillipson's   oblique   inspection-pipes    on    eight-inch   and    si.x-inch    lines.      In    a   few  cases   there    arc    man- 
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holes  on  these  smaller  sewers,  but  these  do  not  open  directly  into  the  pipe  ;  they  give  access  to  covered 
hand-holes. 

At  the  head  of  each  lateral  sewer  there  is  a  Field  flush-tank  of  145  gallons  capacity,  and  three 
larger  tanks  are  provided  for  the  flushing  of  long  lines  of  flat  grade.  The  plan  for  the  construction 
of  one  of  these  with  a  capacity  of   1,000  gallons  is  shown   in   Fig.    27. 

In  the  construction  of  the  outlet  main  the  pipes  were  jointed  with  Stanford's  patent  moulded 
joints,  which  serve  an  excellent  purpose.  An  attempt  was  made  to  improve  on  this  joint  or  to  cheapen 
it  by  the  use  of  a  hard  material  for  moulding  the  thimbles  and  plugs,  but  it  failed  to  make  tight 
joints.  So  far  as  this  joint  was  laid  in  the  deeper  work  exactly  according  to  Mr.  Stanford's  directions 
it  has  proved  excellent,  and  the  universal  proper  use  of  that  joint  would  have  been  a  great  advantage 
and  a  great  economy.  It  is  certainly  to  be  recommended  for  work  in  quicksand  or  water.  Its  cost 
is  little  greater  than  that  of  a  well-made  cement  joint. 

The  success  of  the  Stamford  work  must  be  largely  ascribed  to  the  intelligent  and  skilful  control 
of  Mr.  W.  B.  Pierce,  the  borough  engineer,  who,  with  the  aid  of  a  good  committee  (which  trusts  him), 
is  securing  an  amount  of  care  and  thoroughness  in  house  connection    that  are   not   common  in  the  man- 


Fig,   27.      Large   Flush-Tank   in   Stamford. 


agement  of  sewers  elsewhere.  The  ordinance  regulating  the  connection  of  houses  with  the  sewers 
is  given  in  another  chapter  substantially  as  passed  by  the  borough  authorities.  It  is  submitted  as  a 
model  that  may  well  be  widely  followed.  It  is  the  product  of  more  than  one  mind,  and,  simple  as  it 
now  seems,  its  production  was  attended  with  a  great  amount  of  labor  and  discussion  as  to  nearly  all 
its  details. 

The  determination  of  a  plan  for  sewering  Stamford  was  the  result  of  long-continued  effort.  Plans 
were  furnished  by  another  engineer  for  sewerage  by  the  combined  system,  delivering  into  a  storage 
reservoir,  to  be  emptied  on  the  ebb  of  the  tide.  I  was  directed  to  consider  and  estimate  upon  some 
similar  method  of  disposing  of  the  outflow  of  sewage  by  the  "  separate "  system  of  sewers,  and  to 
make  other  plans  and  suggestions  concerning  the  work.  The  following  is  extracted  from  the  report 
of  the  committee  : 

"Your  committee,  in  its  instructions  to  Colonel  Waring,  directed  him  to  limit  himself  to  a  plan 
based  upon  the  'separate  system'  of  sewerage,  but,  if  he  saw  fit,  to  submit  one  or  more  arrangements 
of  this  system.  In  his  report  to  the  committee  Colonel  Waring  states  that  he  finds  three  methods 
available  for  the  construction  of  a  'separate  system'  of  sewerage  in  Stamford,  which  may  be  briefly 
described  as  follows,  viz  : 

"/I. — A   system   operating  entirely  by  gravit)'. 

"/>. — A  .system  operating  mainly  by  gravity,  but  supplemented  b)'  pumping  to  relieve  certain 
low-lying  districts. 

"  C. — A  system  in  which  the  entire  sewage  would  be  pumped,  thereby  practically  raising  the  grade 
of  the  whole  borough. 
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"  He  also  reports  that  he  finds  two  practical  points  of  outlet  for  the  '  sewerage  system,'  viz. : 

"A''. — Into  the  harbor,  preferably  between   Pine  Island  and  Jack's  Island;  and, 

"  V. — Into  the  waters  of  the  Sound  at  Westcott's  Cove ;  the  outlet  of  the  discharge-pipe  being 
three  hundred  feet  beyond  low-water  mark  and  at  least  thirty-three  hundred  feet  from  either  the 
eastern  or  the  western  shores  of  the  Cove. 

"The  general  design  of  each  of  these  several  systems  is  as  follows: 

"  A.  All  Gravity. — This  is  a  general  plan  for  a  gravity  system,  delivering  all  of  the  sewerage  of 
the  borough,  except  that  of  the  low  lands  about  the  canal,  to  a  reservoir  at  the  extreme  southerly 
point,  and  thence,  by  a  submerged  conduit,  to  the  channel  between  Pine  Island  and  Jack's  Island. 
The  lands  too  low  for  such  delivery  are  drained  by  sewers  discharging  directly  into  the  canal. 

"  This  design  contemplates  a  storage  reservoir  near  Selleck's  Point,  with  a  discharge  conduit  from 
it  to  the  channel  between  Pine  Island  and  Jack's  Island,  and  with  a  brick  sewer  three  feet  in  diameter 
extending  from  the  lower  reservoir  to  the  junction  of  Canal  and  Pacific  Streets,  where  it  would  con- 
nect with  a  smaller  reservoir,  into  which  the  collecting  sewage  would  discharge. 

"  It  also  contemplates  a  series  of  small,  independent  sewers  for  the  low  districts  south  of  the  rail- 
road, discharging  directly  into  the  canal ;  plan  A   estimated  to  cost  $90,292. 

"  B.  Combined  Gravity  and  Pumping. — This  is  identical  with  plan  A,  except  that  the  sewage  of 
the  low  lands  about  the  canal  and  south  of  the  railroad  is  delivered  to  a  pumping-station,  and  is  dis- 
charged thence  into  the  main  brick  sewer  leading  to  the  harbor  outlet,  as  above  described,  none  of 
the  sewage  being  allowed  to  flow  into  the  canal  ;  plan  B  estimated  to  cost  $96,422  30. 

"  C.  All  Pumping. — This  design  contemplates  the  delivery  of  all  of  the  sewage  of  the  borough 
to  a  pumping-station,  near  the  head  of  the  canal,  and  the  discharging  of  it  thence,  under  pressure, 
through  an  iron  pipe  to  the  outlet  at   Westcott's  Cove;  plan   C  estimated  to  cost  $83,170  20." 

My  recommendation  was  for  the  last,  or  "  all  pumping "  plan.  This  view  was  adopted  by  the 
committee,  which  iccepted  a  further  plan  for  local  storm-water  sewers  to  cost  $12,100.  This  brought 
the  total  estimate  to  $95,270  20.  The  contract  for  the  work  contemplated  in  this  estimate  was  finally 
let  at  $92,750,  with  an  extra  for  rock  excavation.  The  work  was  considerably  extended  in  execution 
and  the  total  cost  to  the  borough  of  the  completed  work  has  been  about  $105,000. 


CHAPTER  XVIII. 

THE  SEWERAGE  OF  AMSTERDAM— A  RESTRICTED  SYSTEM. 

V  I  'MSTERDAM  is  on  the  left  bank  of  the  Mohawk  River,  about  thirty  miles  west  of  Albany. 
f^Jt-*-t  Its  population  in  1880  was  about  10,000.  Its  site,  in  parts  almost  precipitous,  is  largely  un- 
derlaid by  stratified  limestone  rock  of  a  flinty  character.  The  difference  of  elevation  between  the  New 
York  Central  Railroad,  which  skirts  the  river,  and  the  highest  point  sewered  is  nearly  two  hundred 
feet.  The  Chuctenunda  Creek  divides  the  area  into  two  nearly  equal  portions.  The  Mohawk  River  at 
this  point  has,  except  in  very  dry  times,  a  considerable  volume  and  a  lively  current.  It  would  be  quite 
expensive  to  carry  out  any  plan  for  delivering  the  sewage  at  a  single  point  below  the  town. 

Plate  X.  shows  the  alignment  of  the  sewers  and  the  location  of  the  outlets,  which  are  six  in 
number. 

The  Chuctenunda  Creek  and  the  steep  grade  to  the  river  afford  perfect  facilities  for  the  disposal  of 
Storm-water,  so  that  there  was  no  serious  question  as  to  the  advisability  of  adopting  the  separate 
system.  The  commissioners  regarded  it  as  imperative  to  obviate  the  opposition  to  a  scheme  of  sewer- 
age that  would  be  caused  by  the  necessity  for  paying  royalty  for  the  use  of  a  system  from  which  all 
storm-water  is  excluded.  I  was  therefore  required  to  provide  for  the  admission  of  rain-water  to  the 
extent  of  one-half  inch  per  hour  from   the  roofs  of  a'l  buildings,   present  and   future. 

The  conditions  of  the  case,  and  the  form  in  which  the  plan  was  submitted,  can  hardly  be  more 
succinctly  stated  than   by  the  reproduction  here  of  my  report: 

The  Board  of  Sewer  Commissioners: 
I  send  you  herewith  the  following : 

1.  A  plan  for  the  sewerage  of  your  city,  showing  the  alignment  of  the  sewers,  with  points  of  out- 
let, sizes  of  sewers,  and   location   of    flush-tanks,   man-holes,   and  overflow  outlet-chambers. 

2.  A  sheet  of  profiles  showing  the  elevation  of  the  surface  (or  of  adopted  grades)  copied  from  the 
records  in  your  city  engineer's  office  ;  also  the  lines  of  all  sewers  at  proper  depth  below  the  surface, 
according  to  the  scale;  the  elevation  of  the  invert  of  the  sewer  at  different  points  above  the  datum- 
plane;  the  rate  of  inclination;  the  size  of  the  sewer  and  its  relation  to  other  sewers  which  it  receives 
or  into  which  it  dehvers. 

3.  A  sheet  showing  the  construction  of  man-holes  for  pipe-sewers,  the  branch  connection-pipes  to 
be  used,  and  the  arrangement  of  inspection  and  cleansing  pipes  to  be  placed  at  intervals  along  the 
line. 

4.  A  sectional  drawing  showing  the  construction  of  Field  flush-tank  as  recommended  to  be  con- 
structed. 

5.  A  section  showing  the  construction  of  the  outlet  overflow-chamber  arranged  to  deliver  the 
ordinary  flow  of  the  sewer  through  an  iron  pipe  into  the  channel  of  the  river,  with  a  direct  discharge 
for  surplus  storm-water  beyond  the  capacity  of  the  iron  pipe  to  receive  it  (Fig.  28). 

6.  Specifications  for  the  work. 

7.  Estimate  of  cost. 

8.  Conditions  for  contract. 
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It  seems  to  me  that  the  time  has  passed  when  it  is  necessary  to  occupy  space  in  a  report  of  this 
character  with  arguments  in  favor  of  the  introduction  of  sewers  in  a  community  Hke  yours.  These 
arguments  are  understood  and  accepted  by  all  intelligent  persons  who  have  given  attention  to  the 
subject. 

That  they  have  been  fully  accepted  in  your  case  is  evidenced  by  the  existence  of  your  body.  I 
therefore  pass  directly  to  the  consideration  of  the  manner  in  which  your  sewerage  work  should  be 
carried  out. 

It  is  not  necessary  to  say  much  concerning  the  respective  merits  of  the  combined  and  the  separate 
systems.  Unless  there  is  some  very  strong  controlling  argument  in  favor  of  the  removal  of  the  street- 
wash  of  storms  through  deep  underground  sewers,  the  choice  of  systems  should  be  determined  in  all 
places  like  Amsterdam  by  the  mere  question  of  cost.  Such  a  large  proportion  of  the  alignment  of  the 
system  lies  through  rock  that  the  difference  in  cost  of  construction  due  to  this  cause  alone  would  be  so 
much  greater  if  large  combined  sewers  were  used  that  it  would  add  to  the  cost  of  the  work  an  amount 
that  would  be  justified  only  by  a  much  more  imperative  reason  than  can  be  supposed  to  exist  here. 
I   have  therefore  assumed    that    the    system    best    suited    to    your    circumstances,   and    tlie    only    one 

,,,    .    .^, probably    for    which    you    would    feel     disposed     to 

y^----- — -""I       -T  1      t)-"~V>^\  I  pay,   is    a    separate     system.       I   am    instructed    by 

the  resolution  under  which  I  am  emi^loyed  to  sub- 
mit a  plan  which  will  require  the  payment  of  no 
royalties  on  patents  for  the  general  system.  This 
has  limited  my  study  to  the  application  of  the  re- 
stricted system  which  in  England  is  called  the 
separate  system,  with  modifications  which  seem  to 
me  very  important. 

The  system  submitted  is  calculated  to  remove 
all  foul  sewage  from  the  city,  and  in  addition  there- 
to all  watef  falling  on  the  roofs  of  houses,  to  an 
amount  not  exceeding  one-half  inch  per  hour.  It 
is  assumed  that  there  will  be,  on  the  average,  one 
house  on  each  side  of  the  street  for  every  50  feet 
of  sewer,  and  that  the  roof  area  will  be  the  equi- 
valent of  25x40  feet,  or  1,000  square  feet.  It  is 
also  assumed  that  with  the  full  flow  no  sewer  will 
run  more  than  two-thirds  full,  leaving  even  in  ex- 
treme cases  one-third  of  its  capacity  for  ventilation. 
In  dry  weather  the  flow  will  of  course  be  very  much 
less.  The  sizes  of  the  sewers  are  calculated  on 
this  basis,  save  that  no  sewer,  however  short,  is  to 
be  less  than  eight  inches  in  diameter,  and,  save 
that  in  McEhvain  Street  and  Market  Street,  the 
size  of  the  sewer  is  increased  somewhat  to  pro- 
vide for  future  extensions. 
It  is  assumed,  after  conference  with  the  commission,  that  there  will  be  no  objection  to  delivering 
the  sewage  of  the  city  at  different  points  in  the  bed  of  the  river  beyond  the  line  of  low  water.  Also 
that  storm  water  may  be  delivered  at  the  bank  beyond  the  railroad  and  allowed  to  flow  to  the  river  over 
the  surface.  I  have  therefore  fixed  six  points  of  outlet,  as  follows:  At  Pine  Street,  at  Wall  Street, 
under  the  archway  west  of  Market  Street,  at  Railroad  Street  near  Morris  Street,  and  near  Eagle  Street. 
Existing  culverts  under  the  railroad  are  to  be  u.sed  so   far  as  possible.* 

The  Pine  Street  outlet  takes  nearly  the  whole  flow  west  of  Wall  Street. 

The  Wall  Street  district  includes  less  than  one-half  the  area  between  Wall  Street  and  Market 
Street. 

The  Market  Street  district  takes  all  east  of  the  Wall  Street  district  and  west  of  the  Chuctenunda 
Creek. 


LOW  WATER  LINE 


Fig.  28. 


Form  of  Outlet,  with  Storm-Water  Overflow, 
used  at  Amsterdam. 


■  The   arrangement   of  ihe   outlets   is   in  all   cases   substanlially   as   shown   by   Fig.    28. 
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The  Railroad  Street  system  includes  all  of  that  part  of  the  city  discharging  througli  the  Church 
Street   sewer  and  branches  on    High,  Grove,   and    Main    Streets  as    far  east  as   Liberty   Street. 

Another  branch  of  this  system  runs  down  Walnut  Street,  and  thence  out  the  north  side  of  the 
railroad  to    Railroad   Street. 

The  Morris  Street  system  includes  all  east  of  the  Market  Street  system  as  far  as  Voorhees,  Les- 
lie, and   Main  Streets,  to   Eagle  Street,  except  below  Main  Street. 

The  Eagle  Street  district  includes  all  east  of  Voorhees  Street  and  south  of  Main   Street. 

The  sewers  leading  to  the  overflow-chambers  at  the  respective  outlets  of  these  systems  are  calcu- 
lated, as  above  stated,  to  carry  not  only  the  foul  sewage  but  one-half  inch  of  water  per  hour  falling 
on  all  roof  surfaces.  After  passing  under  the  railroad  to  the  river-bank  they  enter  overflow-cham- 
bers, from  the  bottom  of  which  an  iron  pipe  leads  to  the  point  of  outlet  below  low-water  mark.  The 
sizes  of  these  iron  pipes  are  as  follows;  Pine  Street,  ten  inches;  Wall  Street,  six  inches;  Market  Street, 
ten  inches;  Railroad  Street,  eight  inches;   Morris  Street,  eight  inches;   Eagle  Street,  six  inches. 

Should  it  ever,  for  any  reason,  be  found  important  to  carry  all  of  this  foul  sewage  to  one  point 
of  outlet  entirely  below  the  city,  it  would  be  necessary  to  connect  these  iron  pipes  with  a  pipe  of 
sufficient  capacity  laid  along  the  bank  or  in  the  bed  of  the  river  with  sufficient  protection  from  ice. 
This  would  secure  the  distant  removal  of  the  foul  water  flowing  in  dry  weather  and  during  very 
light  rains.  Roof-water  flowing  in  too  great  volume  for  the  capacity  of  the  iron  outlets  of  the  over- 
flow basins  would  be  discharged  directly  into  the  river.  Before  this  occurred,  however,  the  storm- 
water  would  have  so  flushed  the  sewers  as  to  render  annoyance  from  the  filth  carried  out  at  the  over- 
flows probably  of  little  •consequence. 

The  chief  obstacle  to  the  execution  of  any  system  of  sewerage  in  Amsterdam  is  to  be  found  in  the 
great  prevalence  of  rock  of  a  very  difficult  character.  Mr.  Landreth,  who  obtained  detailed  infor- 
mation for  my  use,  estimated  the  amount  of  rock  to  be  met  in  excavating  the  ditches  to  equal  seventy 
per  cent,  of  the  whole  amount  of  excavation.  This  will  not  only  add  to  the  cost  in  the  mere  matter  of 
excavation,  but  it  will  in  many  cases  be  necessary  to  bring  earth  from  other  sources  for  filling  about 
and  to  a  certain  height  over  the  pipes  and  for  the  removal  of  such  rock  as  cannot  be  returned  to  the 
ditches.  Concerning  this  latter  point  it  is  to  be  remembered  that  it  is  sometimes  necessary  to  open 
drains  after  they  have  been  completed  for  some  time,  and  that  any  considerable  amount  of  rock  re- 
turned to  the  ditches  will  add  materially  to  the  cost  of  such  re-excavation.  It  is  to  be  considered 
also  whether  or  not  it  will  be  best  at  the  time  of  construction  of  the  sewers  to  construct  house-drains 
for  a  certain  distance  away  from  the  sewer  line.  There  is  no  doubt  that  rock  could  be  excavated 
for  this  purpose  more  cheaply  and  with  less  danger  to  the  sewers  at  the  time  of  the  first  excavation 
than  after  the  pipes  have  been  laid. 

The  alignment  and  connection  of  the  sewers  and  their  various  sizes  are  sufficiently  indicated  by 
the  plan.     All  other  necessary  details  concerning  them  are  shown  in  the  profiles. 

On  the  profile-sheet  the  surface  of  the  ground  is  shown  by  shaded  black  lines ;  the  position  of 
cross-streets  by  two  short,  vertical  lines  and  the  name  of  the  street  ;  the  elevation  of  the  surface, 
wherever  it  changes,  by  figures  in  black  ;  the  inside  bottom  line  of  the  sewer  is  indicated  by  a  line 
drawn  below  the  surface  line ;  the  figures  with  decimal  points  indicate  the  elevation  of  this  line,  and 
the  figures  8',   10",  etc.,  indicate  the  diameter  of  the  pipe. 

To  illustrate  the  manner  in  which  these  profiles  are  to  be  read  we  will  take  the  system  of  sewers 
discharging  at  Morris  Street.  The  profile  (Plate  XL)  shows  that  this  is  a  fifteen  inch  sewer  empty- 
ing into  a  larger  sewer  at  Railroad  Street;  that  its  inclination  at  the  lower  end  is  i  to  130,  and 
at  its  upper  end  i  to  25.  Its  depth  at  the  railroad  is  48.3-42.8=5.5.  At  the  point  where  it 
changes  grade  it  is  51.8—45.9=15.9.  At  Main  Street  it  is  68.8  —  606=8.2  in  depth.  We  now  go  to 
the  profile  of  Main  Street,  between  Morris  and  Dean  Streets,  and  find  that  the  main  sewer  there  is 
still  15  inches  in  diameter  as  far  as  Dean  Street,  where  it  receives  a  smaller  sewer  coming  in  from  a 
higher  level.  Referring  to  the  profile  of  Dean  Street,  we  find  that  there  is  an  eight-inch  sewer  (no 
dimension  being  given),  with  a  fall  at  its  lower  end  of  i  to  14,  and  at  its  upper  end  of  i  to  5.  It 
receives  a  branch-sewer  from  Forbes  Street  and  two  branches  from  Cady  Street.  The  depth  and 
grade  of  these  are  shown  on  the  profiles  of  those  streets  respectively. 

In  like  manner  the  size,  depth,  and  rate  of  fall,  with  points  of  intersection  of  other  sewers,  can 
easily  be  traced  throughout  the  whole  system. 
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The  accompanying  estimate  shows  the  total  length  of  sewer  as  laid  out  to  be  80,000  feet,  or 
15.15  miles.  This  is  divided  as  follows:  eight  inch,  55,280  feet;  ten  inch,  7,990  feet;  twelve-inch,  4,780 
feet;  iifteen-inch,  7,380  feet;  eighteen-inch,  560  feet ;  twenty-inch,  2,990  feet;  twenty-four-inch,  1,020 
feet.  In  addition  to  the  above  there  are  two  six-inch  iron  outlets,  two  eight-inch  iron  outlets,  two 
ten-inch   iron  outlets,  each  of  these  being   100  feet  long. 

It  is  intended  that  all  sewers  up  to  and  including  15  inches  in  diameter  shall  be  made  of  vitri- 
fied earthenware  pipes,  and  that  the  eighteen-inch,  twenty  inch,  and  twenty-four-inch  lines  shall  be  built 
of  brick. 

There  are  96  flush-tanks,  57  man-holes,  184  inspection-pipes,  and  6  outlet-chambers.  The  total 
cost  of  the  work,  including  15  per  cent,  for  engineering  and  contingent  expenses,  is  estimated  at 
$232,181   20. 

The  estimate  is  based  on  the  following  units:  Trenches  to  be  3  feet  wide  ;  average  depth,  7.5  feet; 
earth  excavation,  30  per  cent,  of  the  whole,  costing,  for  trenching  and  back  filling,  30  cents  per  cubic 
}'ard  ;  rock  excavation,  70  per  cent,  of  the  whole  ;  earth  filling  under  and  about  the  pipes  where  excava- 
tion is  in  rock,  25  cents  per  lineal  foot  ;  excavating  rock  and  hauling  away  rock  not  to  be  returned 
to  the  ditches,  $3  per  cubic  yard  ;  brick  masonry  laid  in   cement,  $16  per  thousand. 

In  my  judgment  these  figures  are  all  very  safe  ones.  For  first-class  work  it  is  not  likely  that  any 
of  them  can  be  reduced,  except,  perhaps,  the  cost  of  rock  excavation.  If  the  work  is  carried  out  sys- 
tematically and  over  the  whole  town,  so  that  the  contractor  can  afford  to  supply  himself  with  the  best 
facilities,  the  rock-work  may  be  done  for  considerably  less. 

There  is  no  doubt  that  contractors  would  be  found  who  would  offer  to  do  the  whole  work  for 
very  much  less  than  the  estimated  price.  It  is  not  by  any  means  certain  that  it  would  be  for  the  ad- 
vantage of  the  city  to  award  the  work  solely  with  reference  to  the  amount  bid.  It  is  to  be  considered 
that  this  improvement  is  intended  to  be  useful  for  all  time;  that  it  is  extremely  diflficult  under  the 
best  circumstances  for  the  most  faithful  contractor  to  make  every  part  of  the  \\-ork  as  good  as  it  ought 
to  be;  and  it  is  still  more  difficult  to  compel  an  unwilling  or  unfaithful  contractor  to  do  this.  I  should 
advise,  therefore,  that  some  such  precautions  as  those  suggested  in  an  appended  paper  be  adopted  to 
insure  the  exclusion  of  those  contractors  who  attempt  to  secure  work  by  bidding  less  than  a  fair  price 
for  it,  and  who  depend   for  their  profit  on   an   opportunity  to  slight  its  details. 

The  estimate  includes  what  may  seem  to  be  the  very  large  allowance  of  15  per  cent,  for  engineering 
and  incidental  expenses.  It  is  made  so  because  it  is  believed  that  the  securing  of  good  work,  especially 
under  such  difficult  conditions  as  exists  in  Amsterdam,  requires  the  constant  vigilant  attention  of  a 
large  number  of  competent  and  faithful  inspectors  and  the  close  supervision  of  a  good  engineer  with 
more  than  one  faithful  assistant. 

While   it    is   possible  that   from   $50,000   to  $100,000  could   be   saved    from  the   above   estimate,  it   is 
more  than    probable  that   an   attempt  to   save   it   would    result   in    the   imperfect  construction   of   a   work 
whose  value  depends  very  largely  on  its  perfect  execution. 
Newport,  R.  I.,  January  2,  1S87. 

The  work  was  begun  early  in  the  summer  of  1887,  and  the  whole  system  was  completed  in  the 
autumn  of   1888. 

An  estimate  made  to  determine  the  e.xtra  sizes  given  to  the  sewers  because  of  the  requirement 
to  admit  roof-water  shows  that,  in  order  to  obviate  the  payment  of  royalties,  it  was  necessary  to  make 
the  work  nearly  $5,000  more  costly  than  it  would  otherwise  have  been,   royalties  included. 

The  precautions  referred  to  near  the  end  of  the  report  were  defined  in  the  following: 

CONDITIONS 

accepted   by  bidders  as  indicating  the  standard   by  which  the  work  is  to  be  tested,  and  by  which  their 
responsibility  as  contractors  is  to  be  defined. 

General  : 

Bidders  will  especially  understand  that  all  work   is  to  be  done  in  accordance  with  the  requirements 
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of  the  contract  as  interpreted   by  the  engineer  in  charge  of  the  job.     It  is  not  to  be  gauged  by  what  it 
has  been  customary  to  do  on  other  sewerage  works. 

Engineer  final  Authority  : 

The  eno-ineer  or  inspector  in  charge  of  the  work  is  the  sole  judge  of  the  manner  of  its  execution, 
md  his  decision  will  in  all  cases  be  final,  the  contractor  having  no  recourse  to  the  opinion  of  other 
experts.     It  is  understood  that  all  bids  submitted  will  be  in  full  consideration  of  this  fact. 

Workjnansliip  : 

All  workmanship  shall  be  not  only  of  the  best  quality,  but  shall  be  made  to  conform  to  the  letter 
and  spirit  of  the  specifications  and  to  the  requirements  of  the  engineer.  Under  no  circumstances  will 
additional  compensation  be  allowed  because  the  method  of  working  required  is  more  expensive  than 
in  the  judgment  of  the  bidder  might  seem  necessary. 

Materials  : 

All  materials  are  to  be  of  the  best  quality  as  measured  by  the  highest  standard  of  the  trade.  Any 
defect  in  any  material  that  would  cause  rejection   in  strictly  first-class  work  will  cause  rejection  here. 

Cement  and  Mortar  : 

All  cement  will  be  tested,  and  every  lot  not  meeting  the  strictest  requirements  will  be  thrown  out. 
Mortar  and  concrete  must  be  mixed  and  used  precisely  as  indicated. 

Brick  : 

Brick  must  be  sufficiently  true  in  form  for  the  laying  of  straight  work,  must  be  hard  burned 
entirely  through,  and  must  be  properly  wetted  before  use. 

Cast-iron  : 

Cast-iron  pipe  must  be  true,  straight,  and  sound,  and  free  from  defects  that  would  cause  rejection 
for  use  under  pressure,  save  as  stated.  Iron  castings  of  all  kinds  must  b.e  true  and  sound,  and  always 
of  full  weight  and  strength. 

Oi/ier  Materials  : 

Lumber,  gaskets,  and  all  other  materials  to  be  strictly  as  specified. 

Execution  of  the   Work  : 

The  engineer  is  bound  to  indicate  points  at  which  work  may  be  begun,  and  to  which  it  may  be 
carried,  to  such  an  extent  as  to  enable  the  contractor  to  keep  his  force  fully  employed  ;  but  he  alone 
is  to  decide  where  these  points  shall  be.  He  will  have  the  power  to  concentrate  the  work  in  particular 
places,  or  to  scatter  it  over  different  parts  of  the  area  at  will.  He  will  as  far  as  public  interests  will 
allow  select  such  localities  as  will  neither  require  the  first  execution  of  the  most  difficult  work  nor 
allow  the  first  execution  of  the  easiest. 

The  engineer  will  furnish  lines  and  grades  promptly,  but  the  contractor  will  have  no  redress  for  de- 
lays unless  he  shall  have  given  twenty-four  hours'  notice  in  writing  that  lines  and  grades  will  be 
needed. 

In  trenching  the  work  must  be  kept  strictly  closed  up  as  indicated.  AH  extra  material,  rubbish, 
and  impediments  of  every  description  must  be  promptly  removed  as  soon  as  the  filling  of  the  trench  is 
completed. 

It  is  understood  that  the  contractor  assumes  for  himself  full  responsibility  for  the  acts  or  neglect 
of  his  agents  or  employees  in  the  matter  of  barricades  and  lights,  and  that  he  agrees  to  accept  service 
and  to  answer  personally  in  all  suits  and  processes  for  non-compliance  with  requirements  in  this 
matter. 
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The  requirement  that  the  laying  of  pipes  shall  be,  where  the  engineer  so  indicates,  from  the  upper 
end  of  the  trench  downward  will  be  insisted  on.  Wet  ditches  shall  not  be  drained  through  tile-drains 
or  sewer-pipes  laid  from  the  cut  toward  the  outlet.  Ample  pumping  facilities  must  be  provided  at 
every  point,  so  arranged  as  to  be  moved   forward   toward  the  outlet  as  the  work  progresses. 

All  pipes  may  be  graded  by  measurement  from  an  overhead  line  unless  the  engineer  shall  direct 
the  other  method  indicated.  The  contractor  must  assume  full  responsibility  for  all  injury  to  gas  and 
water  pipes  and  for  all  waste  of  water  or  gas  due  to  the  execution  of  the  work.  If  he  desires  to  throw 
this  responsibility  on  the  water  or  gas  authorities  he  must  do  this  on  his  own  motion  and  at  his  own 
cost. 

Pipes  must  be  laid  with  absolutely  tight  joints  and  in  the  manner  indicated;  although  the  engineer 
may  have  assented  to  special  means  for  securing  tightness  in  difficult  cases,  this  will  not  relieve  the 
contractor  of  the  responsibility  as  to  the  result. 

The  same  precision  as  is  here  indicated  will  be  required  in  the  execution  of  all  the  details  of  pipe- 
laying,  capping,  connections,  etc.  ;   and  the  use  of  saddle-piles  in  soft  ground  will  be  absolutely  required. 

(luiilifications  of  Contractors  : 

All  bidders  must  satisfy  the  authorities  as  to  their  competency  for  the  management  of  the  work 
and  as  to  the  sufficiency  of  their  cash  capital  for  the  purchase  of  ample  plant  and  machinery  and  for 
the  prompt  cash  payment  of  the  working  force. 

The  engineer  will  determine  the  amount  of  pumping,  rock-drilling,  and  other  machinery  required, 
the  amount  of  labor  to  be  performed  in  advance  of  estimates,  and  the  amount  required  for  other  costs 
of  the  work. 

No  bid  will  be  accepted  without  ample  assurance  that  the  bidder,  should  he  be  awarded  the  con- 
tract, has  sufificient  cash  capital  for  all  requirements. 
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Tables  showing  the  items  of  tenders  for  laboi.   as  submitted   by  the  successful   bidders,   under  two  forms  of  proposal,  all   material  being  furnished   by  the  city. 
PROPOSALS    NO.     I     FOR     CONSTRUCTION. 
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15.00 

I 

45.00 

I 

I 
50,00 

I 
50.00 

I 
40.00 

I 
22. 00 

I 

16 

2.10 

56 

12,299  25 

4 

2070 

1075 

Qu.iniities 

S 

650 
1.93 
1275 
1.75 

600 
J. 75 

4130 
1.90 
640 

1-43 
450 
1-75 

3730 
1. 41 
200 
1-75 

S950 
1.86 
14450 
1.39 
4675 
1-75 

10 
27.00 

15 
27.00 

6 
15-00 

I 
100.00 

I 
100. QO 

I 

S.oo 

2n 

5.00 
48 

5.00 
15 
46.20 

20,988   50 
33.021  95 

6 

375 
2.60 

550 
2.00 

» 

11.274  75 

The  contracts  were  let  for ; 

District   l  to  Patrick  Shannon,  Proposal   No,  2.   for Slli52i  95 

2  to  Benj.  Van  Vranken,  Proposal  No.  2,  for 21.442  98 

"        3  to  Stanton  &  Doyle,  Proposal  No.  i.  for 12.299  25 

"        4  to  Brown  &  Hucklej'.  Proposal  No    2,  for 34,200  44 

5  to  Sherman  &  McDonough,  Proposal  No.  i,  for  20.988  50 

6  to  ■■  "  Proposal  No.  I,  for 33.021  95 

"         7  tu  Patrick  Shannon,  Proposal  No.  2,  for 5.469  (» 


PROPOSALS    NO. 


FOR    CONSTRUCTION. 


Quantities 

Patrick  Shannon 

Quantities 

Benj.  Van  Vranken ...... 

Quantities 

Stanton  &  Doyle 

Quantities 

Brown  &  Buckley 

Quantities 

Sherman  &  McDonough., 
Quantities 

Sherman  &  McDonough.. 
Quantities 

Patrick  Shannon 


1000 
.08 

3000 
.03 

2000 
.10 

3000 


3000 
.40 
700 


1000 

.12 
2000 

.05 
1 225 

-13 
3000 

.15 
2000 

.40 
2000 

.40 
IIOO 

.12 


3-4 

+-S 

5-6 

6-j 

1000 

2000 

3000 

800 

.16 

.20 

.24 

.28 

1500 

4000 

4500 

3000 

.09 

.12 

.20 

■25 

1000 

600 

500 

300 

■  17 

.22 

.21) 

.38 

2000 

2000 

3OCO 

6000 

.20 

.20 

■25 

•30 

1000 

500 

300 

200 

.40 

.45 

•50 

■  50 

4000 

3000 

2500 

5000 

.40 

■45 

.50 

.50 

1300 

1000 

goo 

800 

16 

.20 

■24 

.28 

225 
.32 

1300 

.35 
300 
■47 

4000 
.40 
100 
.50 

1200 
■50 
125 
.32 


50 

■  36 
300 

■  45 
100 

•55 
300 


■  90 
200 
.90 


50 
.40 
200 
•55 

50 
.65 
100 
■45 

50 
1.20 

50 
1.20 

50 


50 

•  75 
30 
•75 
30 

•  46 
30 

1.60 


50 

.85 

30 

.65 

30 

■49 

30 
1.95 

30 
1.95 


20 

.90 

20 

■97 

20 

.50 

20 
3.20 

20 
3.20 


2.65 
20 
2.65 


20 
1.20 

20 

•  50 

20 
3.00 

20 
3.00 


1. 87 
5133 
3^40 
8616 
2.69 
8087 
2.75 
11138 
2.00 
1800 
2.16 


2070 
•19 


200 
.03 


550 
■13 


450 
.18 


650 


550 
.03 


350 
.03 
2050 
.'5 
720 
.03 
960 

■  17 
4130 

.09 
640 

■  09 
450 
.03 


850 

■03 

2005 

.ro 

750 

-02i 

2630 


3730 
■07 

200 
.03 


7650 

14065 

.08 
4705 

.02 

16755 

■17 

5950 

.u6 
14450 

.06 
4675 

■  03 


8875 

.01 

20130 

•  03 

6300 

.03 

23490 

■  o.J 

10730 

.03 

21022 
•03 

5325 


15.00 

13 

15.00 


g.oo 

lo 

27.00 

15 
27.00 

6 
15.00 


■5 
15.00 

30 
15.00 

10 
11.00 

27 
10.00 


30.00 

5 
ig.oo 


50. 
so  I 
40.00 


1.00 

16 
2.10 

56 
3.00 

20 
5.00 

4S 
5.00 


48 
■  50 


72 
■24 


50 
■■5 


100 

.08 


48 
■14 


$11,321  95 
21,442  98 
19,311  36 
34.20O  44 
27.791  57 
35,557  30 
5.469  00 


-Thes-  tallies  are  compiled  from  notes  furnished  by  W.  B.  Lanilreth,  Esq.,  C.E,,  Engineer  in  Charge  of  Construction,  who  was  charged  with  the  entire  execution  of  the  plan. 
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CHAPTER  XIX.  I 

A  TRIPLE  SYSTEM  FOR  OWENSBORO. 

OWENSBORO,    Kentucky,    lies    on  the  south    bank   of    the    Ohio    River,  at    an    elevation    little,    if 
any,   above  the    reach  of    extraordinary    floods.       Every    unusual   rise  of   the  river  invades    parts 
of  the  city  very  seriously. 

The  topography  of  the  site  is  peculiar  and  the  conditions  for  its  drainage  are  difificult,  requiring 
special  treatment  relating  in  no  marked  degree  to  the  removal  of  foul  sewage,  save  for  the  very  slight 
fall  necessarily  given  to  some  of  the  lines  and  the  considerable  depth  required  to  afford  an  outlet  from 
remote  portions  of  the  area.  These  natural  difficulties  are  all  very  much  increased  by  the  necessity 
for  delivering  the  foul  sewage  into  the  river  below  the  town. 

The  greatest  difficulty  to  be  overcome  related  to  a  number  of  low  places  in  different  parts  of  the 
city  where  accumulations  of  storm-water  have  already  at  times  been  very  objectionable.  To  remove 
this  water  in  connection  with  the  foul  sewage,  or  in  any  manner  to  carry  it  into  the  river  below 
the  town  where  the  foul  sewage  must  necessarily  go,  would  be  difficult  and  very  costly.  Reasonable 
economy  and  the  proper  protection  of  long,  flat  lines  of  foul  sewers  made  it  necessary  to  divide  the 
storm  water  sewers  into  three  different  sy.stems,  with  three  independent  outlets,  at  about  equal  distances 
along  the  river  front,  carr)'ing  only  the  foul-water  sewers  to  the  river  below  the  town.  The  louver 
storm-water  sewer,  however,  following  the  line  of  the  main  outlet  of  the  foul-drainage  system,  was 
made  a  combined  sewer  for  its  whole  length. 

Reference  being  made  to  the  plan  and  profiles  published  herewith  (Plates  XII.  and  XIII.),  the 
following  extract  from  my  report  will  give  a  clear  idea  of  the  general  disposition  : 

"  I  have  prepared  for  most  of  the  city  a  few  short,  independent  lines  of  storm- water  sewers,  so 
graded  as  not  to  interfere  in  any  case  with  the  foul-water  sewers  whose  lines  they  cross.  The  sur 
face  water  from  the  upper  part  of    the  town   is  delivered  b}'  independent  outlets  directly  into  the  river. 

"  So  far  as  the  surface-water  is  to  be  removed  by  underground  sewers  from  the  districts  draining 
toward  the  Walnut  Street  main,  I  have  used  a  system  of  combined  sewers  ;  that  is,  a  single  line  to  take 
both  the  surface-water  and  foul  sewage.  The  surface  water  sewers  have  been  calculated  for  the  duty 
of  removing,  as  fast  as  it  can  probably  reach  them  over  the  low  grades,  a  rainfall  equal  to  one-third 
of  one  inch  per  hour. 

"  I  have  had  some  correspondence  on  the  subject  of  removing  these  accumulations  of  water,  es- 
pecially in  the  back  part  of  the  town,  by  wells  sunk  into  the  porous  stratum  below.  I  think  it  alto 
gether  likely  that  effectual  relief  may  be  cheaply  secured  in  this  way.  At  the  same  time  it  seemed 
to  me  evident  that  it  was  my  duty  to  assume  that  this  relief  would  not  be  complete  and  permanent, 
and  to  lay  out  a  sj'stem  of  storm  water  drainage  and  sewerage  which  could  be  resorted  to  should 
that  tievice  be  found  ineffectual.  Should  that  device,  however,  answer  )-our  purpose  so  as  to  make 
the  lax'ing  of  the  storm-water  sewers  unnecessary,  pipe  sewers  ha\ing  the  combined  capacit)'  of  the 
foul-sewage  mains  which  the)'  are  to  receive  mixy  be  substituted  for  the  combined  sewers  with  a  gieat 
saving  of  expense.  This  s}'stem  would  then  be  carried  as  far  as  the  crossing  of  the  ravine  at  Walnut 
Street,  where,   in   order  to    remove    the   flow  of  the  ravine    itself,    it    will   be     necessaiy,  in    any    case,    to 
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build  the  large  sewer  prescribed  for  that  district.  In  that  case  its  diameter  may  safely  be  reduced  to 
four  feet,  or  an  egg-shaped  sewer  with  an  equivalent  capacity  may  be  substituted  for  it,  securing  a 
more  cleansing  dry-weather  flow. 

"  In  order  to  secure  an  efificient  fall  for  the  sewers  of  both  classes  it  is  necessary  to  locate  the 
outlet  of  the  Walnut  Street  main  considerably  below  high-water  mark.  To  this,  however,  there  is  no 
serious  objection,  as  the  temporary  set-back  of  river-water  will  have  no  injurious,  permanent  effect. 
When   the  water  recedes   the   sewers   will   soon   become   cleansed. 

"  The  drawings  comprise  a  plan  of  sewerage  of  different  classes  in  which  are  indicated  combined 
sewers,  surface-water  sewers,  gutter  drainage,  foul-water  sewers,  and  a  possible  future  extension  of  these 
foul-water  sewers  to  accommodate  parts  of  the  city  not  now  occupied  ;  also  a  set  of  profiles  showing 
the  grades  at  different  points  of  all  of  the  sewers  of  all  classes,  so  far  as  profiles  are  necessary  to  show 
the  correctness  of  the  grades  and  locations. 

"These  drawings  are  sufficiently  explained    by  the  legends  which  they  bear. 

"  The  total  length  of  sewers  of  the  different  classes  is  as  follows : 

Sewers  for  surface-water  only,         ......  2i,ooo  feet. 

Combined  sewers  for  surface-water  and  foul  sewage,      .  .  .       6,300      " 

Sewers  for  foul  sewage  (solid  red  lines),  .....  52,000      " 

Sewers  for  foul  sewage  (dotted  red  lines),  ....  48,400      " 


Total,        .......   127,700      " 

"  The  sizes  of  pipe  sewers  will  range  from  six  inches  to  eighteen  inches,  and  of  brick  sewers  from 
twenty-four  inches  to  sixty  inches.  In  regard  to  the  ravine  in  the  northwesterly  part  of  the  city,  I 
judge  that  it  will  be  advantageous  to  allow  the  bottom  to  silt  up  to  a  high  grade.  Its  upper  part  is 
to  have  an  outlet  into  the  main  sewer.  It  will  probably  fill  itself  with  silt  to  the  height  of  this  outlet 
in  a  very  short  time.  This  process  may  be  continued  at  pleasure  even  to  the  height  of  the  surround- 
ing ground  by  building  a  dam  over  which  its  water  is  to  fall  to  reach  the  main  sewer,  allowing  silt  to 
accumulate  to  the  height  thereof. 

"  SURFACE-WATER   SYSTEM. 

"  To  avoid  the  great  outlay  that  would  be  required  for  a  complete  set  of  combined  sewers,  and 
also  to  avoid  the  sanitary  objection  to  the  universal  dissemination  of  such  sewers  throughout  the 
town,  in  connection  with  houses,  I  have,  except  for  the  Walnut  Street  district,  arranged  for  surface- 
water  to  be  carried  through  surface  gutters  for  such  distance  as  the  grade  of  the  ground  allows,  or  as 
seems  feasible,  beginning  the  underground  sewers  only  at  the  points  thus  indicated  as  necessary.  From 
these  points  the  sewers,  beginning  usually  with  a  diameter  of  twelve  inches  and  increasing  as  the  accu- 
mulation of  flow  requires,  are  conveyed  by  the  shortest  and  most  economical  course  to  the  bank  of  the 
river.  So  far  as  these  sewers  are  to  be  constructed  of  pipes — that  is,  up  to  a  diameter  of  eighteen 
inches  — the  work  is  to  be  done  in  all  cases  in  the  manner  indicated  in  the  specifications  for  the  foul- 
water  system  sent  herewith. 

"  In  so  far  as  they  are  to  be  built  of  brick  their  construction  should  be  regulated  according  to  the 
specifications  for  the  surface-water  and  combined  system  sent   herewith. 

"  After  my  experience  in  the  sewerage  of  Memphis  and  other  work  of  the  same  character  done  in 
Omaha,  Kalamazoo,  Norfolk,  Pittsficld,  Mass.,  and  other  places,  I  have  no  hesitation  in  recommending, 
as  far  as  relates  to  those  parts  of  the  town  from  which  surface-water  is  removed  independent!)'  and 
for  those  districts  which  drain  to  the  combined  Walnut  Street  system,  the  adoption  of  the  method 
there  applied,  the  same  being  not  only  much  more  economical  but,  in  my  judgment,  much  bettei'  in 
all  its  sanitary  relations. 
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"The  nianncr  in  wliicli  these  sewers  are  arranged  with  reference  to  tlieir  location,  their  flush-tanks, 
antl   their  relation  to  tlie  surface-water  sewers  is  sufficiently  set   forth   by  the   plan   and   profiles. 

"  The  main  sewer  is  laid  on  Third  Street  and  occupies  its  whole  length  from  Walnut  Street  east. 
This  is  a  long  sewer,  and  it  necessarily  has  a  flat  grade  in  order  to  give  sufficient  fall  to  its  distant 
branches,  such  as  those  on   Triplet   Street  and  on  Clay  .Street. 

"In  order  to  prevent  the  possibility  of  deposits  forming  in  this  sewer  where  laid  at  the  least  in- 
clination I  have  provided  three  supplemental  flush-tanks,  to  discharge  about  2,500  gallons  each,  placing 
these  in  the  course  of  the  branch  sewers.  One  of  these  tanks  is  in  Bolivar  Street  north  of  Third  Street, 
one  in  Crittenden  Street  south  of  Third  Street,  and  one  in  Fredrica  Street  south  of  Third  Street. 
They  are  to  be  worked  not  from  the  water-supply  but  from  the  flow  of  the  sewers  in  the  course  of 
which  they  are  constructed.  The  one  in  Bolivar  Street  will  be  fed  b)'  2,400  feet  of  sewers,  the  one 
in  Crittenden  Street  by  2,600  feet  of  sewers,  the  one  in   Fredrica  Street   by  3,200  feet    of  sewers. 

'■  These  flush-tanks  will  probably  discharge  about  once  in  twenty-four  hours,  and  their  rapid  delivery 
of  a  volume  of  about  forty  hogsheads  at  each  discharge  will  keep  the  main  sewer  washed  clean. 

"To  obviate  the  danger  of  obstruction  and  increase  the  rapidity  of  discharge,  these  tanks  must  be 
supplied  with  mucli  larger  siphons  than  the  ordinary  flush-tanks  at  the  heads  of  the  lateral  sewers. 
Their  discharging  limbs  should  be  eight  inches  in  diameter,  and  the  annular  receiving  limbs  by  which 
these  are  enclosed  should  be  twenty-four  inches  in  diameter,  with  a  water-way  of  eight  inches  between 
the  top  of  the  receiving  limb  and  the  overflow  point  of  the  discharging  limb.  The  depth  of  the  intake 
under  the  receiving  limb  should  also  be  eight  inches.  As  the  sewers  will  receive  nothing  I  hat  cannot 
be  discharged  through  a  four-incli  house-drain,  this  continuous  eight-inch  water-way  will  be  ample 
security  against  obstruction,  and  the  capacity  of  the  siphons  will  insure  the  delivery  of  a  very  effective 
flushing  flow. 

"  For  the  complete  carrying  out  of  the  system  of  foul-water  sewerage  here  recommended  it  is  im- 
perative that  each  house-drain  should  be  restricted  to  a  diameter  of  four  inches,  which  is  ample  for  the 
largest  hotel.  It  is  also  important  that  these  house  drains  should  be  continued  by  soil-pipes  to  and 
through  the  roofs  of  the  same  buildings  which  they  serve,  being  open  at  the  top  and  having  no  trap 
or  obstruction  to  the  free  movement  of  air  in  its  course,  so  that  every  house  connected  with  the  sewer 
shall  furnish  its  adequate  quota  of  ventilation  " 

The  preliminary  estimate  for  this  work  was  as  follows : 

Combined    system,           ........  $20,600 

Foul-sewer    system     as    shown    by    solid    red    lines,               .             .             .  78,000 

"          "         "    dotted    "        "                    .             .             .  48,400 

Surface-water   system,      ........  47,000 


Total,  ....  $194,000 

Or,  in    round    numbers,  $200,000. 

The  execution  of  this  plan   has  doubtless  been   for  some  time  delayed  by  the  serious  loss  inflicted 
on  the  community  by  the  remarkable  flood  of  the  Ohio  River  in    1883. 


CHAPTER  XX. 

PONTZEN'S  PROJECT  FOR  THE  SEWERAGE  OF  HAVRE. 

'/  I  S  an  example  of  the  manner  in  which  my  modification  of  the  separate  system  of  sewerage  may 
{v/«  *  »  be  appHed  under  conditions  existing  on  the  continent  of  Europe,  and  as  an  excellent  model 
in  a  general  way  for  the  guidance  of  engineers  who  are  called  upon  to  make  reports  on  the  sewerage 
of  towns,  I  introduce  here  a  translation  of  a  report  made  by  my  associate,  Mr.  Ernest  Pontzen,  C.E., 
3  Avenue  du  Coq,  Paris,  on  the  sewerage  of  Havre,  together  with  the  tables  and  estimates  accom- 
panying the  report*  (Plate   XIV.) 

Havre  is  a  city  of  somewhat  more  than  100,000  inhabitants,  on  the  right  bank  of  the  mouth  of 
the  Seine.  The  general  arrangement  of  the  city  area  with  the  elevations  of  its  different  parts  are 
shown  in  the  accompanying  plan  of  sewerage.  The  principal  portion  of  the  city  is  very  flat. 
It  is  the  site  of  all  of  its  commerce  and  industry.  It  contains  also  the  residences  of  the  prin- 
cipal part  of  the  population.  The  "  Cote "  is  a  steep  hillside  on  which  are  located  the  residences  of 
many  of  the  wealthier  people  of  the  community,  and  all  its  streets  have  a  steep  inclination.  The 
river  front  of  the  city  is  entirely  occupied  by  docks  closed  by  gates,  which  are  opened  only  at  high 
water,  at  which  time  only  can  vessels  enter  the  port.  Above  the  docks  the  city  has  been  protected  by 
embankment,  and  the  improvement  of  the  Seine  has  led  to  a  deposit  of  sandy  and  gravelly  soil  of 
considerable  depth  over  a  large  area.  This  alluvion  is  crossed  by  the  Canal  de  Tancarville.  The 
Northern  Railway  of  France  enters  the  city  from  the  east,  and  has  its  yards,  shops,  etc.,  in  its  eastern 
portion. 

The  question  of  improved  sewerage  has  occupied  the  attention  of  the  city  council  for  some  years. 
The  existing  system  is  the  same  as  in  Paris,  large  and  inadequately  flushed  sewers  being  used  for  the 
removal  of  storm-water  and  the  washings  of  the  streets  only.  As  a  rule  houses  and  industrial  estab- 
lishments have  no  connection  with  these  sewers. 

In  1884  several  English  and  French  engineers  wei-e  invited  to  prepare  projects  for  the  complete 
sewerage  of  the  city.  Mr.  Pontzen  was  one  of  these,  as  was  also  Mr.  Durand-Claye,  Ingenieur  en 
Chef  des  Fonts  et  Chaussees,  in  charge  of  the  sewage-disposal  works  at  Gennevilliers.  The  others 
were  English  engineers. 

The  following  is  a  translation  of  Mr.  Pontzen's  report : 

I.    CAU.SES   OF   THE    UNHEALTHFULNESS   OF   THE    CITY   OF   HAVRE. 

In  order  that  a  city  should  be  healthy  it  is  necessary  that  the  population  should  receive  a  suf^- 
cient  quantity  of  water,  and  that  at  least  so  much  as  is  to  be  used  for  cooking  and  drinking  should  be 
pure  ;  and  the  method  for  the  removal  of  dejections  and  of  waste  refuse  matters  should  be  such  as 
never  to  allow  them  to  remain  in  the  proximity  of  habitations.  Water  plays  an  important  role  in  the 
removal  of  fcccal  matter,  and  the  question  of  the  improvement  of  the  health  of  a  city  cannot  be 
treated  independently  of  that  of  water-supply. 

*  To  avoid  repetiiion  I  have  in  several  cases  rend  re!  the  "  systeme  Waring"  in  the  original  as  "  this  system." 
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Good  air  and  good  water  are  the  chief  conditions  of  the  well-being  of  the  population.  Does 
Havre  find  itself  in  a  situation   that  promises  the  realization  of  these  conditions? 

Water-Supply. — Until  recently  water  was  distributed  and  furnished  by  a  contracting  company. 

The  water  is  derived  from  springs  situated  north  of  Havre.  It  is  pure  and  is  gathered  at  altitudes 
varying  from  17  metres  to  46.7  metres  above  sea-level,  being  therefore  at  sufficient  heights  to  flow  on 
the  upper  floors  of  houses  in  the  principal  part  of  the  city. 

In  addition  a  pump  supplies  a  reservoir  at  a  level  of  97  metres  above  the  sea  to  supply  the  higher 
parts  of  the  city. 

The  springs  made  use  of  are  capable  of  furnishing  about  20,000  cubic  metres  per  day,  but  the 
water-pipes  do  not  suffice  for  its  distribution.  Indeed,  until  recently  the  distribution  reached  only 
about  8,200  cubic  metres  per  day,  which,  for  a  population  of  about  105,000,  corresponds  to  a  daily 
quantity  of  80  litres  per  head.  Assuming  the  supply  to  be  8,200  cubic  metres,  it  has  been  divided  as 
toliows: 


For  public  fountains, 
"     the  service  of  the  port, 
"     manufacturing  purposes, 
"     public  urinals, 
"     communal  establishments, 


C.  M. 

4.740 

200 

50 

no 

950 


Total,        .....     6,050 

This  leaves  for  domestic  use  2,150  cubic  metres. 

That  is  to  say,  hardly  21   litres  per  day  per  person,  which  is  insufficient  for  domestic  needs. 

Scavenger  Service. — On   the  high   land--that   is,  in   the   northern   part  of  the  city,  the    most  defec 
tive  system  is  employed  for  the  disposal  of  fsecal  matter. 

Leaching-cesspools,  called  "  betoirs,"  receive  faecal  matter  and  household  liquids. 

The  liquids  filter  away  into  the  soil  and  poison  the  wells,  and  the  emanations  from  the  betoirs, 
which  are  very  rarely  emptied,   infect  the  atmosphere. 

In  the  lower  part  of  the  city  there  are  a  certain  number  of  sewers,  but  these  do  not  fulfil  the 
conditions  necessary  for  receiving  the  household  wastes  and  transporting  them  wiih  the  desirable  regu- 
larity and  to  a  sufificient  distance. 

Their  total  length  is  only  about  ^2  kilometres,  for  an  extent  of  about  85  kilometres  of  streets  and 
quays  of  the  city. 

These  .sewers  receive,  either  directly  or  by  the  interposition  of  fixed  or  movable  filtering  apparatus, 
large  amounts  of  fsecal  matter  and  household  waters. 

The  water  used  for  washing  the  streets  and  the  rain-water  which  flows  away  by  the  sewers  carries 
into  them  great  quantities  of  the  detritus  of  the  streets  and  macadamized  roads. 

Aside  from  the  leaching-cesspools  (betoirs)  and  the  fixed  or  movable  filtering  apparatus  there  are 
a  certain  number  of  fixed  and  movable  receptacles  which  receive  and  retain  all  solids  and  liquids,  and 
which  are  emptied  or  carried  away  from  time  to  time.  Naturally,  the  owners  of  property  thus  sup 
plied  seek  to  reduce  as  much  as  possible  the  volume  of  liquid  flowing  into  these  receptacles,  for  the 
removal  of.  their  contents  costs  from  four  to  nine  francs  per  cubic  metre.  Therefore,  in  houses  having 
these  non-filtering  receptacles  the  people  are  very  parsimonious  in  the  use  of  water,  and  the  household 
liquids  are  not  delivered  into  the  cesspools,  but  are  discharged  from  the  kitchen  to  the  street  gutter, 
or  into  the  sewer  if  there  is  one  near  at  hand. 

Even  if  water  were  served  gratuitously  and  abundantly,  it  would  never  be  used  in  sufficient  quan- 
tity for  the  flushing  of  water-closets  in  houses  of  this  class. 

The  case  is  somewhat  different  where  filtering  apparatus  is  used,  because  here  an  increased  flow 
of  water  dissolves  and  carries  away  a  certain  proportion  of  the  fa;cal  matter  and  makes  the  necessity 
for  removing  the  deposits  less  frequent. 
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In  these  cases,  in  supplying  houses  having  these  filtering  appliances  with  a  larger  volume  of  water, 
the  proportion  of  fiEcal  matter  carried  to  the  sewers  is  increased  ;  but  all  is  not  removed,  and  the  putrid 
residue  remains  still  longer  in  the  vault — i.e.,  underneath  the  houses — and  only  increases  the  infection  of 
the  air. 

We  see  from  this  description  of  the  actual  condition  of  these  vaults,  with  or  without  filters,  that 
the  air  in  the  houses  is  always  vitiated,  whatever  may  be  the  particular  kind  of  apparatus  used. 

Let   us  now  see  what   is  the  condition   of  the  sewers. 

The  principal  part  of  the  city  being  but  little  higher  than  high-water  mark,  it  has  been  necessary 
to  place  the  inverts  of  these  sewers  at  the  outlet  in  the  sea  at  about  the  level  of  low  water.  As  soon 
as  the  tide  rises  the  flow  in  the  sewers  is  checked,  and  sea-water  would  enter  them  if  they  had  not 
been  furnished  with  tidal-gates,  which  are  opened  only  when  the  level  of  the  sea  is  lower  than  the 
level  of   the  water  retained  in  the  sewers. 

According  to  the  variations  of  the  tide,  and  according  to  the  quantit}-  of  water  flowing  into  the 
sewers,  the  gates  are  closed  during  eight  or  nine  hours  of  the  tide. 

As  the  sewers  cannot  discharge  their  contents  the  flow  stagnates  and  deposits  the  matters  which 
it  holds  in  suspension.  These  deposits  consist  of  organic  matters  mixed  with  the  sand  introduced 
by  the  washing  of  tlie  streets,  and  this  mixture  is  not  removed  by  the  current  established"  on  opening  the 
gates  when  the  tide  is  low,  nor  even  by  the  flushing  that  is  effected  by  admitting  the  water  of  the  closed 
docks.  Furthermore,  such  flushing  is  possible  only  in  the  main  sewers,  while  for  the  others  there  is  no 
other  remedy  than  hand-cleansing. 

The  sewers  constitute,  therefore,  under  the  streets  of  the  city  great  reservoirs  or  cesspools,  which 
are  only  emptied  periodically,  in  which  putrescible  matters  are  retained  and  where  they  form  deposits. 
These  are  only  imperfectly  removed  when  the  tide-gates  are  opened. 

Notwithstanding  the  insufficiency  of  the  flushing-water  to  cleanse  the  main  sewers,  the  infective 
matters  received  through  the  secondary  sewers  from  the  gutters  are  discharged  into  the  mains  for  such 
imperfect  removal  as  may  be  available. 

In  fact,  these  sea-water  flushings  effect  only  a  more  or  less  complete  washing  of  the  deposits;  they 
do  not  carry  away  the  sand,  which  it  is  necessary  to  remove  by  hand  in  order  to  secure  the  flow  of 
the  foul  waters.  It  is  only  necessary  to  examine  the  gray  sand  taken  from  the  main  sewers  to  recognize 
their  impurity. 

Let   us  now  look  into  the  question   of  the  discharge  of  the  sewage. 

The  principal  main  sewer  (A-  grand  collectciir),  which  starts  at  the  west  shore  and  passes  under  the 
Boulevard  de  Strasbourg,  under  the  quay  Colbert  and  the  Rue  du  Pont  Rouge,  following  the  Rue  del'Ilet 
to  the  estuary  of  the  Seine  near  the  Fort  des  Neiges,  has  a  summit  under  the  Boulevard  de  Strasbourg 
near  the  Palais  de  Justice.  All  the  flow  that  it  receives  west  of  this  high  point  is  discharged  on  the  west 
beach  ;    that  to  the  eastward  flows  to  the  estuary  of  the  Seine. 

Although  by  the  use  of  a  wooden  culvert  the  foul  flow  of  this  sewer  is  carried  some  distance  away, 
it  follows  the  movement  of  the  tides  and  returns  to  the  entrance  of  the  harbor  and  pollutes  the  beach 
on  which  the  sea-baths  are  established.  To  ameliorate  this  condition,  or  to  render  it  less  apparent, 
the  gates  at  the  western  outlet  are  only  opened  at  night,  so  that  this  portion  of  the  sewer  retains  in  summer 
— /.(•.,  in  the  season  when  the  immediate  discharge  of  all  putrescible  matters  would  be  the  most  desir- 
able— for  eighteen  or  nineteen  hours  consecutively,  all  of  the  dejections  that  it  receives. 

By  this  method,  it  is  true,  floating  filth  discharged  by  the  collector  is  prevented  from  disturbing  the 
bathers,  but  the  beach  is  none  the  less  infected,  and  the  emanations  that  it  gives  off  when  exposed  at 
low  tide  are  a  sufficient  proof  of  this. 

The  outlet  of  the  sewer  in  the  estuary  of  the  Seine  does  not  cause  the  same  anno\'ance.  The 
sewage  is  there  carried  away  and   the  tide  does  not   return  it  to  the   foreshore. 

In  addition  to  these  outlets  of  the  main  sewer  there  are  a  certain  number  of  other  sewers  which 
discharge  directly  into  the  closed  docks.  Naturally,  matters  thus  introduced  into  these  stagnant 
docks  become  seriously  objectionable  as  affecting  the  public  health. 

Removal  of  Garbage  and  Street-Sweepings. — As  in  Paris,  household  garbage  is  set  out  in 
the  .street  and  is  removed  by  the  garbage-carts  ;  but  no  such  provision  is  made  for  the  street-sweep- 
ings, which  are  washed  into  the   sewers,  causing  the  difficulties  already  referred  to. 
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The  inlets  to  the  sewers,  although  closed  by  flap-gates,  frequently  permit  the  escape  of  annoying 
and  unhealthful  exhalations  arising  from  the  deposits  formed  in  the  sewers  and  the  rubbish  retained 
on  the  slopes  of  the  inlets,  which  are  generally  cleansed  only  once  a  week. 

II.     CONDITIONS   TO   BE    FULFILLED   TO    INSURE   THE   HEALTHFULNESS   OF   THE    CITY    OF    HAVRE    WATER- 
SUPPLY. 

The  quality  of  the  water  yielded  by  the  springs  situated  above  the  city  leaves  nothing  to  be 
desired.  The  same  cannot  be  said  for  the  water  of  wells  which  are  fouled  by  the  infiltration  of  the 
betoirs.  So  long  as  these  betoirs  remain,  and  for  a  certain  time  after  their  suppression,  the  use  of  this 
well-water  for  drinking  purposes  should  be  prohibited.  This  end  could  be  better  secured  by  deliver- 
ing the  spring-water  into  all   the  houses  than  by  the  establishment  of  special    regulations. 

As  to  the  quantity  supplied,  this  must  be  augmented,  especially  as  concerns  the  amount  used  for 
domestic  purposes.     It  is  proposed  to  increase  the  supply  to  about    17,000  cubic  metres  per  day. 

In  nearly  doubling  the  amount  of  the  domestic  supply — i.e.,  in  providing  for  this  use  6,000  cubic 
metres  per  day — there  would  still  be  left  from  5,000  to  11,000  cubic  metres  for  the  different  public 
uses  referred  to  above. 

This  being  done,  householders  would  be  supplied  with  an  average  of  about  60  litres  per  day  for 
each  person,  and  the  general  consumption  of  water  would  be  more  than  doubled,  reaching  altogether 
about  160  litres  per  person  per  day,  which  seems  to  be  quite  sufficient  to  insure  the  healthfulness  of 
the  city. 

The  project  already  formulated  for  the  improvement  of  the  water-supply  seems  therefore  to  be 
satisfactory  from  every  point  of  view. 

Scavenger  Service. — The  most  important  modification  needed  to  make  Havre  a  healthy  city 
relates  to  the  removal  of  faecal  matter  and  other  organic  wastes.  Postponing  for  the  moment  the 
consideration  of  ways  and  means,  let  us  now  enumerate  the  conditions  to  be  satisfied  and  thus  indi- 
cate the  programme  of  the  work  to  be  done. 

1.  To  prevent  the  infiltration  into  the  soil  of  impure  waters  charged  with  nitrogen.  Then  the 
suppression  of  all  cesspools — so-called  "betoirs." 

2.  To  suppress  the  discharge  of  household  waters  into  the  gutters  ;  for  these  waters,  very  rich  in 
azotized  matters,  enter  rapidly  into  putrefaction  and  pollute  the  courts  and  even  the  streets,  deposit- 
ing as  they  do  on  the  beds  and  sides  of  their  channels  matters  \\hich  give  rise  to  disagreeable 
emanations. 

3.  To  prevent  the  retention  of  solid  and  liquid  dejections  in  the  proximity  of  habitations,  impl)'- 
ing  a  suppression  of  the  fi.xed  and  movable  vaults — as  well  those  which  retain  all  that  they  receive 
as  those  which  allow  the  liquid  portions  to  flow  away — this  for  the  reason  that  fsecal  matters  retained 
near  dwellings  give  rise  to  dangerous  exhalations. 

4.  To  transport  all  faecal  matter  and  foul  water  under  such  conditions  that  they  shall  cause  no 
anno)'ance  to  the  people  while  on  their  way  to  the  outlet.  This  implies  a  continuous  movement  from 
the  moment  of  discharge  into  the  se\vcr  and  such  rapidity  of  flow  as  not  to  leave  time  for  these 
matters  to  enter  into  decomposition. 

The  natural  vehicle  for  the  transportation  of  these  matters  is  water,  and  the  rapidity  of  its  flow 
should  increase  in  proportion  to  the  increase  of  heavy  and  tenacious  substance;,  such  as  the  dctrit.us 
of  public  roads.  Deposits  can  be  prevented  only  by  regulating  the  volume  and  vclocit\-  of  the  flow 
according  to  the  quantity  and  quality  of  the  matters  to  be  carried. 

Water-flushing,  successfully  used,  to  insure  the  periodic  removal  of  the  heavier  constituents  of 
sewage,  while  much  to  be  recommended,  should  not  constitute  the  only  means  for  pre\-enting  the  for- 
mation of  deposits.  These  flushings  being  intermittent,  and  exercising  their  effect  only  for  limited 
distances,  are  able  to  insure  the  removal  of  faecal  matter  from  the  house  .where  it  is  produced  to  the 
point  at  which  it  is  tn  loe  discharged  (inl_\'  by  a  series  of  short  jouniex's  with  lung  inter\-als  of  rest. 
Whenever  the  mo\'ement  of  these  matters  is  not  continuous,  wlun  there  is  hahing  b}-  the  wa\-,  offen- 
sive and   unhealthful   gases  are  produced. 

The  inte-rruptions  to  the  flow  resulting  from  variations  of  the  le\el  of  tlie  sea,  causing  a  suspen- 
sion of  all   movement   in   the  sewers,  prevents  a  flow   of   suspended    matters.     The   cleansing   of  the  city 


I  58  SEWERAGE  AND  LAND-DRAINAGE. 

must   always   be   incomplete  so   long  as  variations  of  the  level  of  the  sea  can  influence   the  flow   of  its 

sewage. 

5.  To   secure    the  constant  renewal    of    air  in    the  conduits    or    sewers    through    which    putrescible 

substances  are  evacuated. 

We  have  indeed  lono-  since  got  over  the  false  idea  that  it  is  necessary  that  our  conduits  should 
be  hermetically  sealed.  The  more  freely  wc  admit  and  renew  the  air  in  sewers  the  more  complete  is 
the  destruction  of  the  dangerous  elements  by  oxidation.  The  same  is  true  of  waste-pipes  in  the  in- 
terior of  houses.  If,  on  the  one  hand,  it  is  necessary  to  prevent  communication  between  the  pipes 
and  the  interior  of  the  house,  it  is  necessary  on  the  other  to  guard  against  creating  in  the  interior  of 
the  houses  reservoirs  of  vitiated  and  stagnant  air.  The  circulation  of  air  in  soil-pipes  and  in  subter- 
ranean conduits  is  therefore  a  condition  no  less  important  than  the  immediate  and  continuous  dis- 
charo-e  of  excremental  matters  and  in  general  of  all  azotized  substances  wasted  from  houses. 

6.  To  suppress  the  discharge  of  all  fsecal  matter  and  household  waters  into  the  closed  docks  of 
the  port  or  onto  the  beach  at  the  west  of  the  city.  The  annoyance  and  the  danger  to  the  public 
health  resulting  from  this  state  of  things  are  too  apparent  to  require  discussion.  It  should  be  re- 
marked, however,  that  this  nuisance  and  danger  must  go  on  increasing  in  proportion  to  the  suppres- 
sion of  vaults  and  cesspools  of  whatever  nature  and  the  direct  admission  to  the  present  sewers  of  all 
fa;cal  matters  and  household  wastes. 

The  closino-  of  the  tidal-gate  at  the  outlet  of  the  main  sewer  on  the  western  beach  during  the 
bathino-  hours  is  already  recognized  as  being  insufficient  to  .secure  the  beach  from  the  danger  of  inva- 
sion by  the  foul  floods  from  the  sewer. 

Removal  of  Garbage  and  Street-Sweepings. — It  is  well  understood  in  all  cities  that  it  is 
not  by  their  discharge  into  sewers,  however  well  arranged  and  however  well  flushed  they  may  be,  that 
we  can  get  rid  of  the  sweepings  of    the  streets  and   of  garbage  from  houses. 

Carts  gather  the  garbage  that  is  set  out  in  front  of  the  houses  and  carry  it  to  places  of  deposit 
outside  of  the  city;  but  the  practice  of  washing  the  sweepings  of  the  streets  into  the  main  sewers 
ought  equally  to  be  stopped.  As  these  sweepings  always  contain  a  large  amount  of  sand,  there  is 
thus  voluntarily  introduced  into  the  sewers  the  great  obstacle  to  complete  discharge.  In  Havre,  es- 
pecially, transportation  by  carts  is  very  short.  Once  these  matters  are  discharged  into  boats  their 
removal  is  inexpensive.  Furthermore— and  to  this  we  shall  recur  later— after  the  opening  of  the  Canal 
de  Tancarville,  which  will  traverse  the  land  recently  reclaimed  which  will  require  both  fertilization 
and  filling,  the  garbage  and  sweepings  may  be  carried  by  boats  to  points  where  they  will  be  no  less 
valuable  than  will  the  sewage  itself. 

III.    CHOICE     OF      THE    SYSTEM    OF     SEWERAGE     BEST     SUITED     TO     THE     PARTICULAR    CONDITIONS    OF 

THE    CITY    OF     HAVRE. 

From  what  has  already  been  said  it  is  evident  that  vaults  and  cesspools,  whatever  their  construc- 
tion, cannot  be  recommended. 

It  is  now  to  be  considered  whether  all  f?ecal  matters  and  household  waters  should  be  sent  to  the 
lar"-e  sewers,  where  they  will  mingle  with  storm-water  and  with  the  water  used  for  washing  the  streets, 
or  if  it  will  be  better  to  discharge  them  separately  without  so  mingling  them  ;  in  other  words,  is  it 
best   to    use  the   combined    system   or  Waring's  system  ? 

Disadvantages  of  the  Combined  Syste>l — In  this  particular  case  we  do  not  hesitate  to  declare 
tint   the    combined   system   would   not   find   at    Havre  the   conditions  indispensable   to   its  success. 

The  existing  sewers  and  all  those  that  may  be  constructed  on  the  same  system  in  the  lower  part 
of  the  city  must  necessarily  have  a  very  slight  fall,  and  even  if  the  fall  is  rechiced  below  the  per- 
missible limit  they  could  not  be  made  to  carr\'  foul  waters  from  the  western  part  of  the  city  to  a  suitable 
|)iiint  in  the  estuary  of  the  Seine  without  establishing  in  the  interior  of  the  city  very  powerful  pumps 
to  create  an  artificial  flow  toward  the  southeast.  The  volume  of  sewage,  which  in  the  case  of  the 
combined  sy.st6m   includes  the  water  used  for  washing  the  streets  and  storm-water,  is  very  variable  and 
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its  maximum  is  so  considerable  that  if  it  was  desired,  as  seems  indispensable,  to  prevent  at  all  times 
a  flow  of  the  foul  water  on  to  the  western  beach,  the  pumps  necessary  to  be  established  here  must  be 
of  enormous  power.  Besides  this  installation  of  steam-pumps  in  the  interior  of  the  city,  still  more 
powerful  ones  would  be  required  at  the  outlet  of  the  main  sewer  in  the  Seine,  for  it  is  only  by  means 
of  a  pump  raising  the  sewage  to  a  height  greater  than  that  of  the  tide  that  a  continuous  flow  can  be 
assured.  The  outlet  of  the  main  sewer  at  the  Seine  being  at  about  the  level  of  ordinary  low  tide,  the 
pumps  would  have  to  work  almost  continuously. 

Another  argument  for  rejecting  the  use  of  the  combined  system  is  the  great  extent  of  macadam- 
ized streets,  giving  rise  much  more  than  pavements  do  to  the  formation  of  a  sandy  detritus  which 
storm-water  carries  into  the  sewers.  It  is  well  recognized  that  it  is  sand  which  chiefly  interferes  with 
the  complete  discharge  of  azotized  matters,  and  the  attempt  is  made  to  prevent  its  entrance  into  the 
sewer  by  establishing  trapped  basins  at  the  inlets.  Aside  from  the  considerable  cost  of  the  frequent 
cleansing  of  these  silt-basins,  their  efficiency  is  very  much  to  be  doubted,  especially  during  storms,  and 
they  are  to  be  considered  only  as  a  means  for  mitigating,  not  for  preventing,  the  evil.  Even  if  we  could 
assure  a  continuous  flow  of  sewage  by  the  working  of  pumps,  the  sand  would  still  give  rise  to  deposits. 
How  would  it  be  if  at  each  tide  the  flow  were  completely  arrested  and  the  sedimentation  of  sand  and 
organic  matter  were  facilitated  ? 

Flushing,  it  is  true,  when  it  is  sufficiently  powerful,  causes  the  removal  of  deposits,  but  in  order 
to  be  sufficient  for  such  large  sewers  as  it  would  be  necessary  to  make  in  Havre  we  should  require 
enormous  quantities  of  water  discharged  with  considerable  velocity. 

The  volume  of  seventeen  thousand  cubic  metres  of  water  per  day  which  will  be  provided  for  all 
uses  at  Havre  would  not  suffice  even  if  it  could  all  be  applied  to  the  flushing  of  the  sewers;  it  would 
therefore  become  necessary  to  have  recourse  to  sea-water.  If,  however,  the  sewage  were  formed  in  any 
considerable  part  of  sea-water  all  possibility  of  its  utilization  in  agriculture  would  disappear,  and  it  would 
certainly  be  a  great  misfortune  to  create  a  permanent  obstacle  to  such  utilization  which,  after  the  fine 
results  attained  at  Gennevilliers  and  on  so  many  other  similar  irrigation  fields,  seems  to  have  such  a 
promising  future. 

Advantages  of  Waking's  System. — Being  required  for  the  reasons  above  set  forth  to  discard 
the  combined  system  for  Havre,  we  find  on  the  contrary,  on  examining  the  applicability  of  Waring's 
system  to  this  city,  that  it  answers  all  requirements.  The  system  of  sewerage  of  Colonel  Waring 
consists,  as  is  known,  of  the  employment  of  conduits  of  small  diameter  receiving  the  discharges  of  water- 
closets,  fjecal  discharges,  and  household  wastes,  to  the  exclusion  of  rain-water,  which  would  cause  considera- 
ble variations  in  the  amount  of  flow.  Automatic  flush-tanks  secure  perfect  periodic  cleansing  of  the 
sewers,  and  the  precautional  appliances,  which  are  of  a  very  simple  character,  prevent  the  introduction 
of  articles  which  ought  not  to  be  admitted  to  the  sewers.  The  soil-pipes  of  the  houses  open  above 
the  roof,  and  suitably  placed  fresh-air  inlets  insure  the  renewal  of  the  air  in  the  sewers,  which  run 
only  half-full  and  in  which  fresh  fjecal  matters  are  carried  without  stopping  and  with  sufficient  velocity 
to   prevent  deposits. 

This  system  is  of  little  cost  by  reason  of  its  simplicity.  It  may  therefore  be  extended  to  the 
most  remote  and  thinly  peopled  quarters,  which,  in  the  absence  of  sewers,  have  at  Havre  adopted 
the  betoirs ;  it  includes  the  admission  of  all  household  water,  which,  therefore,  instead  of  fouling 
the  street  gutters,  hastens  the  removal  of  the  faecal  matter  to  which  it  serves  as  a  vehicle.  Thanks  to 
the  continuity  of  the  pipes  and  to  permanent  movement,  dejections  cause  no  deposits,  and  they  are 
transported  vv-ith  a  velocity  which  within  a  single  hour  will  remove  them  from  \\  to  2  kilometres 
away  from  their  starting-point. 

The  volume  of  the  waters  received  in  the  sewers  of  this  system  undergoes  but  slight  variation. 
We  may  therefore  calculate  the  volume  to  be  carried  at  each  point  and  the  diameter  of  the  conduit  ; 
and,  by  regulating  the  inclinations  according  to  local  needs,  we  can  assure  velocitj'  sufficient  to  pre- 
vent deposit.  Complete  removal  of  the  transported  matters  is  further  assured  by  the  exclusion  of 
water  used  in  washing  court-yartls  and  streets,  which,  by  reason  of  the  detritus  it  carries,  contributes, 
as  has  already  been  said,  to  the   formation   of   deposits. 

Owing  to  the  relatively  slight  fall  that  may  be  given  to  the  sewers  of  this  system,  it  is  possible 
to    carry    the    sewage   of    the   lower  parts   of  the  city  and  of  the   vicinity  of  the  western   beach    toward 
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the  Seine  without  the  use  of  pumps.  If  the  main  sewer  of  the  Waring  system  were  to  discharge 
directly  into  the  Seine,  it  would  be  subjected  to  the  influence  of  the  tide  and  the  discharge  would 
become    intermittent. 

Fortunately,  the  total  volume  of  sewage  delivered  by  the  collecting  sewer  of  this  system  is  not 
to  be  compared  to  that  which  would  be  delivered  under  the  combined  system.  The  pumping  of  the 
total  flow  of  the  Waring  collector  to  a  suf^cient  height  to  secure  an  uninterrupted  discharge  would 
be  inconsiderable.  It  is  entirely  independent  of  the  great  amount  of  water  used  in  the  public  service, 
and  would  be  subjected  to  no  increase  because  of  rains  and  storms,  for  the  water  derived  from  these 
sources  would  not  be  admitted  to  the  sewers. 

However — and  this  is  the  proper  time  to  recur  to  the  subject — it  is  not  advisable  to  deliver  the  fer- 
tilizing sewage  collected  in  the  city  of  Havre  into  the  Seine,  where  it  would  not,  it  is  true,  be  objec- 
tionable, but  where  it  would  be  lost  to  agriculture.  The  dikes  of  the  lower  Seine  have  created  an 
extended  tract  of  alluvion  at  a  short  distance  from  Havre.  The  Tancarville  Canal  will  cross  these 
recently  recovered  lands,  which  are  generally  at  an  elevation  of  about  nine  metres  above  low 
water. 

If  it  is  desired  to  deliver  the  sewage  on  to  the  land  of  this  reclamation,  it  will  suffice  to  pump  it 
to  an  additional  height  of  ten  metres. 

The  lands  under  consideration  are  admirably  adapted  to  the  use  of  sewage.  They  are  very  per- 
meable and  their  surface  is  level,  requiring  almost  no  preparation  for  good  irrigation.  The  sewage 
which  would  be  delivered  by  the  collector  of  Waring's  system  would  be  perfectly  adapted  to  irrigation. 
The  faecal  matter  and  household  wastes  are  sufificiently  diluted,  and  -  an  important  point  to  remember — 
the  water  added  for  flushing  is  not  sea-water  but   fresh  water. 

Resume. — In  adopting  the  Waring  system  for  Havre  the  sewage  of  the  whole  city  would  be  brought 
by  natural  flow  toward  the  Fort  des  Neiges,  where  the  whole  8,6(X)  cubic  metres  would  be  raised  by 
pumps  to  a  sufficient    height  to   flow  into  the    Seine   or  on  to  the  reclaimed   land. 

The  sewers  are  for  the  most  part  of  small  diameter,  and  each  branch  is  supplied  with  a  flush-tank. 
As  different  branches  are  united  the  diameter  is  increased.  The  sewers  are  made  with  earthenware  pipes 
vitrified  in  their  inner  surfaces.  They  may  be  either  suspended  in  the  interior  of  existing  sewers  or 
laid  in  the  ground  at  depths  varying    between  one  and  two  metres. 

As  soon  as  a.house  is  connected  with  the  sewers  of  this  system  its  betoir,  or  vault,  or  filtering  apparatus 
can   be  suppressed.     The   gutters   henceforth    receive   only  rain-water,   no   organic   matter. 

It  is  understood,  of  course,  that  in  order  to  secure  the  pipes  against  the  danger  of  becoming 
obstructed  by  foreign  matters,  introduced  carelessly  or  wilfully,  all  water-closets  are  made  with  such 
restricted  outlets  as  to  prevent  the  admission  of  anything  large  enough  to  obstruct  the  pipes.  They 
are  also  supplied  with  a  hydraulic  seal  shutting  off  the  air  in  the  pipes  from  the  interior  of  the  house. 
Smaller  traps  secure  the  same  end  under  sinks  and  other  vessels,  all  of  which  may  discharge,  if  con- 
venient,  into  the  same  soil-pipe. 

As  has  been  said,  garbage  and  street  sweepings  should  eventually  all  be  collected  by  city  carts, 
carried  to  the  transports  for  discharge  into  the  sea  or  for  delivery  on  to  the  reclaimed  lands.  Especial 
care   should    be  given   to   the   removal  of   these  substances   from   the   western    portion    of    the   city. 

The  existing  sewers,  and  those  which  may  eventually  be  built  to  complete  the  series  so  far  as  re- 
quired, will  have  henceforth  no  other  object  than  the  removal  of  storm-water.  There  will  then  be  no 
longer  a  motive  for  preventing  their  discharge  into  the  docks  or  on  to  the  beach.  On  the  steep  streets 
storm-water  can  flow  in  the  gutters  without  causing  inconvenience,  and  it  is  probable  that  it  will  never 
be  found  necessary  to  supply  these  streets  with  sewers  for  its  removal.  Even  in  the  lower  city  the 
building  of  these  sewers  will  no  longer  be  a  burning  question,  for  healthfulness  will  be  assured  by  the 
completion  of  the  separate  system. 

The  public  urinals  and  the  pipes  through  which  the  urine  of  houses  is  discharged  should  be  con- 
nected with  the  Waring  sewers.  It  would  indeed  be  well  to  organize  here,  as  they  have  in  London,  a 
service  for  collecting  horse-droiipings  from  the  streets.  Boys  engaged  in  this  work  throw  the  gathered 
manure  into  boxes  provided    for  their  collection. 
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IV.   DESCRIPTION    AND    ESTIMATE    OF     THE    PROJECT. 

Volume  to  be  Discharged. — The  water  which  will  have  to  be  removed  by  the  sewers  of  this 
system  is  that  distributed  for  domestic  use,  that  used  in  public  urinals  and  in  flush-tanks,  and  the 
larger  part  of  what  is  delivered  to  the  industrial  establishments  ;  so  that,  increasing  the  amount  so  used 
as  provided  for  above,    the   total  discharge   of  this  system  may   be   estimated  as   follows : 

For  domestic   use,   instead  of  2,150  cubic  metres,  .  .  6,000  cubic  metres. 

"     urinals,  "         "        110""  .  .        240      " 

"     industrial   establishments,   instead  of  950  cubic  metres,  .  1,500      "  " 

"     flush-tanks  in  the  streets,       .  .  .  .  .        750      "  " 

Add  for  waste  waters,         .  .  .  .  •  .        no      "  " 


Total 8,600      " 

The  delivery  of  these  8,600  cubic  metres  will  not  be  uniform  throughout  the  day.  Experience  has 
demonstrated  that  the  discharge  which,  if  absolutely  uniform,  would  be  about  four  per  cent,  per  hour 
usually  amounts  at  certain  hours  to  more  than  six  per  cent.  Admitting  that  it  may  rise  to  eight  per 
cent.,  which  is  equal  to  the  discharge  of  the  whole  flow  in  twelve  and  a  half  hours  instead  of  twentj^- 
four  hours,  the  calculation  will  be  perfectly  safe.  This  would  give  for  the  case  in  hand  a  maximum  flow 
of  688  cubic  metres  per  hour.  It  is  this  volume  which  is  to  regulate  the  size  of  the  main  sewer  at 
its  lower  end  and  the  capacity  of  the  pumping-works. 

The  total  length  of  the  streets  and  quays  is  about  105  kilometres.  There  is,  therefore,  an  average 
maximum  flow  of  fJI — i.f.,  6}4 — cubic  metres  to  be  provided  for  for  each  kilometre  of  the  sewers  of  this 
system. 

The  population  of  the  city  being  about  105,000,  there  are  on  the  average  1,000  inhabitants  per 
kilometre  of  sewer,  and  each  person  may  on  the  average  be  considered  to  cause  of  the  maximum  flow 
a  discharge  of  6j4  litres  per  hour.  In  the  crowded  quarters,  where  there  are  more  than  2,000  inhabi- 
tants per  kilometre  of  street,  we  must  assume  that  the  maximum  reached  per  hour  per  kilometre  of 
sewer  is  131^  cubic  metres,  and  even  more;  while  in  certain  parts  there  will  never  be  more  than  3 
cubic  metres  per  hour  and  per  kilometre  of  sewers.  The  St.  Francis  quarter,  for  example,  is  among 
the  most  densely  populated,  while  the  eastern  and  southeastern  quarters  are  among  those  having  the 
least  population.  Nevertheless,  in  view  of  future  changes  we  must  always  base  the  size  of  the  lateral 
sewers  on  a  maximum  flow  of  at  least  6  cubic  metres  per  hour  for  each  kilometre  of  length. 

The  sewers  are  supposed  not  to  run  more  than  one-half  full,  which  constitutes  a  very  considerable 
margin.  In  fact,  with  the  dimensions  given,  the  flow  provided  for  all  foul  sewage  could  be  doubled 
without  the  sewers  being  brought  under  pressure. 

Inclination  and  Dimensions  of  the  Sewers. — The  smallest  interior  diameter  that  has  been 
adopted  for  the  street  sewers  is  15  centimetres  [6  inches].  Experience  in  America  as  well  as  at  Paris 
proves  that  with  this  diameter  there  is  no  occasion  to  fear  obstructions  if  the  necessary  precautions 
are  adopted  in  connection  with   the  drainage  appliances  within    the  house. 

As  to  inclination,  it  has  been  attempted  to  regulate  it  in  such  a  way  that  tlie  rapidity  of  flow 
will  generally  exceed  50  centimetres  per  second.  To  this  end  less  fall  than  i  to  500  for  I5.centi- 
metre  pipes  should  not  be  allowed.  It  has  generally  been  possible  to  conform  to  tiiis  rule,  but  in  cer- 
tain low  parts  of  the  city,  where  for  want  of  elevation  it  has  been  found  necessary  to  reduce  the  fall 
to  I  to  666  and  even  i  to  1,000,  use  has  been  made  of  affluents  of  steep  inclination,  or  of  flush-tanks 
discharging  frequently,  or  to  connect  public  urinals,  frequently  and  copiously  flushed,  in  such  a  wa\-  as 
to  insure  a  greater  velocity  than  these  slight   falls  would  produce. 

The  maximum  distance  to  which  15-centimetre  sewers  can  be  used  varies  necessarily  with  tlie 
density  of  the  population  and  with  the  inclination  given.  In  those  streets  which  at  certain  times  of 
the  day  produce  10  cubic  metres  per  hour  per  kilometre  a  sewer  15  centimetres  in  diameter  laid  on  a 
fall  of  I  to  250  would  suffice  for  a  length  of  nearly  2  kilometres  ;  while  if  the  fall  was  onl)'  I  to  500 
its  length  should   not  exceed    1,300  metres.     This  same    sewer   15    centimetres  in  diameter  %\Mth   a    fall  of 
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I    to    500   could   be  used    for  a  length    of  2   kilometres   if    the   density  of   the  population  was    such    as    to 
produce  a  maximum   flow  of  only  6^2   cubic   metres  per  hour  and  per  kilometre. 

Location  and  Size  of  Flush-tanks. — The  flush-tanks,  as  has  already  been  said,  are  not  intended 
to  furnish  the  water  in  wliich  fajcal  matter  is  to  be  transported,  but  only  to  insure  the  discharge  of  solids 
which,  notwithstanding  the  precautions  taken,  may  become  stranded  by  the  way.  They  are  placed  at 
the  head  of  each  branch-sewer.  Faecal  matters  reach  the  sewers  with  the  water  used  in  the  closets ; 
other  household  liquids  are  added  to  the  current  and  aid  to  carry  them  forward,  there  being  no  obstacle 
to  prevent  their  continuous  flow;  the  flushing,  which  is  performed  automatically  by  the  periodic  discharge 
of  the  tanks  at  the  upper  ends  of  the  sewers,  prevents  the  beginning  of  deposits. 

The  greater  the  number  of  houses  connected  with  the  sewer  the  more  uniform  will  be  its  flow.  The 
lower  parts  of  the  city,  where  the  inclination  of  the  sewers  is  least,  are,  fortunately,  most  densely  populated. 
In  these  flatter  sewers  it  is  to  be  desired  that  the  flushing  should  be  more  frequent  and  that  the  tanks 
should  be  nearer  together  but  they  may  be  of  less  capacity  than  in  those  districts  where  the  sewers  are 
steeper  and  where  the  population  is  more  sparse.  The  flush-tanks  have  been  established  in  accordance 
with  these  principles. 

They  are  constructed  of  two  sizes :  one  discharging  about  300  litres,  the  other  about  500  litres. 
The  smaller  ones  discharge  automatically  si.x  or  seven  times  per  day,  while  the  large  ones  will  discharge 
only  three  or  four  times  per  day.  In  any  case  the  consumption  of  water  by  these  tanks  may  generally  be 
limited,  whatever  their  size,  to  about  2  cubic  metres  per  day. 

As  an  example  we  may  cite  again  the  St.  Francis  quarter,  where  the  sewers  are  of  slight  fall.  There 
are  there  12  flush-tanks  for  3  070  metres  of  sewers,  being  an  average  of  one  tank  for  250  metres,  while 
in  the  steeper  streets,  where  the  population  is  sparse,  there  is  only  one  tank  of  the  larger  size  for  every 
300  to  400  metres  of  sewers.  The  total  number  of  tanks  is  343.  Allowing  2  cubic  metres  per  tank 
per  day,  we  have  a  daily  consumption  of  water  of  686  cubic  metres.  There  has  been  allowed  a  con 
sumption   of    750    cubic    metres    for    these  tanks,  which  would    allow    2.2  cubic  metres  per  tank  per  day. 

Public  Urinals  — There  are  at  present  90  public  urinals  on  the  public  streets  of  Havre,  each  having 
one  or  several  compartments  with  streams  of  water  constantly  flowing  down  the  slates  to  keep  them 
clean.  Although  the  consumption  of  water  for  these  90  urinals,  having  altogether  about  200  compart- 
ments, is  iio  cubic  metres  per  day,  their  cleansing  is  not  satisfactory.  The  suppression  of  their  emana- 
tions can  only  be  accomplished  by  rendering  the  discharge  of  water  intermittent  and  producing  from 
time  to  time  a  sufficient  flush  thoroughly  to  rinse  the  whole  surface  of  the  urinal.  We  have  allowed 
for  this  use  240  cubic  metres  per  day,  being  27  cubic  metres  per  urinal.  With  a  flushing  discharge 
every  twelve  minutes,  this  will  require  an  average  capacity  of  22^  litres  for  the  tanks  established 
over  the  urinals. 

The  urine  and  flushing-water  will  flow  through  traps  small  enough  to  prevent  the  admission  of  objects 
which  might  obstruct  the  pipes.     These  traps  will    constitute  a  hj-draulic  seal. 

FresH-AIR  Inlets  and  Man-holes. — There  should  never  be  in  any  part  of  the  system  a  stagna- 
tion of  the  liquids  to  be  transported.  It  is  equally  important  that  the  atmosphere  within  the  sewers 
and  pipes  should  be  in  constant  movement  and   should  be  constantly  renewed. 

For  a  .system  having  slight  differences  of  elevation  and  draining  houses  all  of  about  the  same 
height  there  should  be  fresh-air  inlets  to  the  sewers  themselves  and  the  soil-pipes  should  be  open 
above  the  roofs  to  act  as  ventilators.  In  Havre  the  renewing  of  the  air  in  the  conduits  will  take 
care  of  itself  in  certain  parts  of  the  city,  because  of  the  considerable  difference  of  level,  even  without 
special  air-inlets.  In  the  lower  part  of  the  city,  however,  it  will  be  necessary  to  use  the.se.  They 
may  open  either  at  the  level  of  the  street,  or  into  the  large  sewers,  wlu-n  the  pipes  are  placed  in 
these.  The  air  of  these  large  sewers  will  no  longer  be  vitiated  when  the  foul  matters  shall  all  be 
confined  to  the  .system  of  small  pipes.  Man-holes  for  examining  the  condition  of  the  sewers  should 
be  established  at  intervals  of  from  150  to  300  metres.  They  will  generally  be  placed  near  the  points 
of  intersection,  and  arranged,  so  far  as  possible,  to  be  reached  from  the  existing  large  sewers.  Where 
these  do  not  exist  they  will  be  carried  to  the  surface  of  the  street  and  provided  with  iron  covers. 
Generally,  the  fresh-air  inlets  and  man-holes  may  be  combined. 
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House  Connections. — The  liouse-conncction  pipes  are  to  be  of  lo  centimetres  diameter  [4  Indies]. 
When  the  sewer  is  built  care  will  be  taken  to  insert  in  front  of  each  liouse  one  or  two  branches 
for    the  connection   of  house-drains,   which   will   be  constructed   at  the  cost   of  the  owners  of  the  houses. 

If  these  private  drains  are  ordered  in  time  it  will  be  best  to  lay  them  while  the  sewers  are  bein^j 
constructed.*  Onl\'  such  house-drains  as  are  connected  with  very  large  establishments  should  be 
more  than  10  centimetres  in  diameter.  In  such  cases  they  may  need  have  a  diameter,  of  12  or  15 
centimetres. 

Siphons  in  the  Course  of  the  Public  Sewers. — Provision  is  to  be  made  for  special  cases 
where  it  will  be  necessary  to  depress  the  sewers  of  this  system,  as  for  instance  in  the  passage  of  the 
main  sewer  from  St.  Francis  Island  under  the  canal  connecting  the  Commerce  dock  with  the  Barre 
dock,  and   for  the  main  outlet-sewer  where  it  passes  under  the  Tancarville  Canal. 

The  main  sewer  of  St.  Francis'  Island,  draining  about  3  kilometres  of  streets,  in  view  of 
the  density  of  the  population  in  this  island,  will  have  a  maximum  flow  of  10  cubic  metres  per 
hour  and,  the  fall  being  slight,  it  will  have  a  diameter  of  25  centimetres  [10  inches].  The  siphon 
passing  from  the  quay  Lamblardie  to  the  quay  d'Orleans  will  be  25  metres  long  with  a  total 
fall  of  15  centimetres.  The  diameter  of  the  pipe  forming  this  siphon  might  therefore  be  reduced 
to  about  one-half  the  size  of  the  sewer  itself.  To  insure  the  free  passage  of  floating  matters  carried 
by  the  current  the  reduction  will  be  onl}'  to  20  centimetres.  As  in  the  case  of  the  siphon  at 
the  Pont  d'Alma  at  Paris,  use  may  be  made  of  a  wooden  ball  for  its  occasional  cleansing.  As  a 
measure  of  precaution  there  will  be  constructed  at  the  outset  two  similar  siphons,  side  and  side, 
which  may  be  used  alternately. 

Similar  arrangements  will  be  made  for  the  passage  of  the  main  outlet-sewer  under  the  Tancar- 
ville Canal.  The  maximum  volume  which  will  have  to  pass  through  this  siphon  is  688  cubic  metres 
per  hour.  The  fall  of  this  large  siphon,  125  metres  long,  will  be  60  centimetres.  Gi\'ing  it  a  diameter 
of  50  centimetres  [20  inches],  the  discharge  of  688  cubic  metres  per  hour,  being  191  litres  per 
second,  will  give  a  velocity  of  95  centimetres  per  second. 

Any  tendency  to  obstruction  in  I  his  siphon  would  lead,  by  reducing  the  free  section  and  by 
raising  the  level  of  the  water  on  the  upper  side,  to  an  increase  of  velocity  which  would  tend  to  re- 
move the  deposit.  The  same  principle  applies  to  the  action  of  the  ball  used  to  cleanse  siphons  as 
above  described. 

A  second  or  reserve  siphon  seems  to  be  less  required  for  the  passage  under  the  Tancarville 
Canal  than  for  the  smaller  siphon.  It  is  thought,  nevertheless,  that  it  would  be  prudent  at  the  outset 
to  construct  here  two  parallel  siphons  50  centimetres  in  diameter  which  may  be  used    alternately. 

Means  for  Insuring  the  Continuous  Flow  of  the  Sewage.— As  has  been  stated,  the  total 
volume  of  the  water  to  be  discharged  by  the  sewers  of  this  .system  will  be  8,600  cubic  metres  per 
day,  reaching  at  certain  times  of  the  day  to  a  maximum  of  688  cubic  metres  per  hour,  or  191  litres 
per  second.  The  discharge  will  vary  but  slightly  from  day  to  day  because  it  is  absolutely  independent 
of  rain-water. 

To  the  south  of  the  Tancarville  Canal — i.e.,  be}-ond  the  siphon  which  passes  under  this  canal — the 
axis  of  the  main  outlet  is  placed  at  the  elevation  3.97  metres.  To  reach  the  right  bank  of  the 
Seine  with  an  inclination  of  i  to  1,000,  the  distance  being  about  800  metres,  the  sewer  will  fall  to 
elevation  3.17  metres,  and  if  it  is  desired  to  discharge  at  a  certain  distance  from  the  shore  the 
invert  of  the  sewer  would   reach  about  elevation   3  metres. 

The  variations  of  level  in  the  estuary  of  the  Seine  are  substantially  those  of  the  sea.  High 
tide  reaches  to  elevations  6  to  8.15   metres  and  falls  at  low  water  of  neap  tides  only  to  3.50. 

The  flow  of  sewage  would  thus  be  reduced  to  about  8  hours  per  day  during  spring  tides,  while 
there  would  be  some  days  during  wiiich  the  level  of  the  sea  would  ne\-er  e.xpose  the  whole  mouth  of 
the  sewer. 

To  insure  the  continuous  flow  of  sewage  it  will  therefore  be  necessary  to  raise  it  by  pumping  to  a 
point  higher  than  tlie  level  of  the  Seine. 

*  It  may  be  best,  wiih  a  view  to  preventing  the  subsequent  opening  of  the  street,  to  construct  all  liouse  branches  at  once, 
assessing  their  cost  on   the   private   property  at   once,   or  charging   their  cost  with  interest  when   required   for   use. — G.    E.  W.,  Jr. 
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Tlie  necessity  for  pumping  being  recognized,  the  question  ajiscs  whether  wc  should  Idc  satisfied  to 
raise  the  sewage  only  to  sucii  a  lieight  as  to  assure  its  continuous  flow  into  the  Seine,  where  it  will  be 
carried  away  by  the  flood  without  profit  to  agriculture,  or  whether  it  would  not  be  better  to  raise  it 
still  higher  to  enable  it  to  flow  upon  the  reclaimed  land  lying  east  of  the  Pointe  du  Hoc  to  fertilize 
the  alluvion. 

To  discharge  into  the  Seine  it  would  suffice  to  pump  the  sewage  whenever  the  water  of  the 
river  rises  higher  than  that  of  the  sewer.  It  would  never  have  to  be  raised  higher  than  to  elevation 
lO  metres ;  while  to  use  it  for  agricultural  purposes  it  would  be  necessary  to  raise  it  always  to 
elevation  20  metres  in  order  to  insure  its  flow  to  a  sufficient  distance. 

The  Land  which  may  be  Irrigated  with  the  Sewage  of  Havre. — A  rapid  survey  of  the 
land  which   may  be  fertilized  by  the  sewage  of  Havre  will  be  useful. 

To  the  eastward  of  Havre  on  the  other  side  of  the  river  La  Lezarde,  which  discharges  into  the 
Seine  near  the  Pointe  du  Hoc,  and  which  is  from  5  to  6  kilometres  from  the  cit}'  hall,  the  Tan- 
carville  Canal  crosses  the  new  alluvion  which,  formed  almost  exclusively  of  sand  and  gravel,  consti- 
tutes a  very  permeable  soil  lying  about  9  metres  above  low  water.  As  a  result  of  the  worlcs  for  the 
improvement  of  the  lower  Seine  the  alluvion  formed  to  the  south  of  the  Tancarville  Canal  is  increas- 
ing its  area.  At  the  present  time  the  area  of  this  alluvion  on  the  south  side  of  the  Tancarville  Canal, 
between  this  canal  and  the  right  bank  of  the  Seine,  extending  to  the  east  from  La  Lezarde  and  to  a 
point  opposite  the  Chateau  d'Orcher  or  to  the  boundary  of  the  communes  of  Gonfreville  and  Roger- 
viUe,  already  exceeds  300  hectares  [750  acres]. 

This  land  is  in  the  very  best  condition  for  irrigation.  It  is  permeable  ;  its  surface  is  nearly  level  , 
it  needs  nitrogenous  manure,  and  if  b}'  the  use  of  the  sewage  and  the  garbage  and  sireet-sweepings  of 
the  city  the  level  should  be  raised  it  would  onl\'  add  to  its  value. 

To  conduct  the  sewage  of  Havre  to  these  lands  the  conduit  from  the  pumping-station  near  the 
Fort  des  Neiges  would  be  about  7  kilometres  long. 

The  total  volume  of  the  sewage  that  would  be  furnished  by  the  sewers  of  Waring's  system  estab- 
lished in  this  city  is  8,600  cubic  metres  per  day,  or  3,139,000  cubic  metres  per  annum.  Supposing  the 
yearly  distribution  to  be  10,000  cubic  metres  per  hectare,  an  area  of  ^Hoo^.  nearly  314  hectares,  or  in 
round  numbers  300  hectares,  could  be  irrigated. 

Experience  at  Gennevilliers  has  demonstrated  that  on  permeable  lands  the  yearly  irrigation  may 
reach  even  to  100,000  cubic  metres  per  hectare  On  this  basis  an  area  of  31  hectares  would  suffice  for 
the  purification  of  the  sewage  of  Havre;  but  we  are  convinced  that  we  could  get  as  much  land  to  irrigate 
as  we  wanted,  and  that  by  reason  of  the  richness  of  the  sewage  furnished  by  the  sewers  of  Waring's 
system  10,000  cubic  metres  per  hectare  per  annum  would  produce  excellent  agricultural  results.  We 
assume,  therefore,  that  the  area  to  be  fertilized   would  be   300  hectares. 

The  example  of  Gennevilliers  should  suffice  to  reassure  the  city  and  the  communes  on  the  other 
side  of  the  Tancarville  CanaL  as  to  any  apprehensions  that  might  formerly  have  been  caused  by  the 
neighborhood  of  sewage  irrigation-fields.  The  direction  of  the  prevailing  winds  is  a  still  further  guar- 
antee against  any  inconvenience  to  result   from  the  irrigation. 

Admitting  that  the  sewage  at  the  outlet  of  the  principal  conduit  should  be  delivered  at  the  elevation 
II  metres  so  as  to  flow  over  the  land,  and  that  the  conduit  from  the  pumps  should  have  a  fall  of  1.3  to 
1,000,  or  a  total  fall  of  9  metres,  this  would  require  that  the  sewage  should  be  raised  at  the  pumps 
to  the  elevation   20  metres. 

The  Pumps  for  discharging  the  Sewage  into  the  Seine  or  on  to  the  Irrigation-Fields. 
— The  sewage  will  be  taken  at  about  the  elevation  3  metres.  It  will  therefore  be  necessary  to  raise 
it  according  as  it  is  delivered  into  the  Seine  or  to  the  fields  at  the  utmost  7  metres  or  17  metres. 
At  high  tide  it  will  be  necessary,  therefore,  that  the  pumps  should  perform  a  maximum  duty  of  about 
18  or  43  H.-P.  Supposing  an  effective  service  of  60  per  cent,  to  be  attained,  the  pumps  should  be  of 
30  or  72  H.-P.  ;  as  has  been  said,  the  maximum  flow  on  which  this  calculation  is  based — that  is,  191 
litres  per  second — will  exist  only  during  certain  hours  of  the  day.  The  rest  of  the  time  pumps  of 
half  this  force  would  suffice. 

In    either   case,   therefore,   it    api)ears    that    two   pumps   shoukl    be   erected    each    having    one-half    of 
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the  maximum  power  required.  The  second  pump  would  not  be  required  to  work  during  more  than 
eight  hours  per  da)'.     To  insure  constant  service  there  should  be  a  third  pump  of  the  same  power  in  reserve. 

If  the  sewage  is  to  be  sent  to  the  Seine,  there  should  be  three  pumps,  each  of  15  H.-P.;  if  it  is 
to  be  sent  to  the  fields,  three  pumps  of  36  H.-P.  As  the  calculations  show,  the  lifting  of  a  cubic 
metre  of  sewage  will  cost,  if  discharged  into  the  Seine,  not  more  than  one  centime,  and  if  sent  to 
the  irrigation-field  not  more  than  two  centimes. 

The  conduit  leading  from  the  pumps  to  the  Seine  would  be  about  700  metres  long,  while  that  lead- 
ing  to    the    fields  would  have  a  length  of  7  kilometres. 

Notwithstanding  the  greater  cost  required  for  installation  and  maintenance  in  the  case  of  the 
utilization  of  the  sewage  in  agriculture,  we  do  not  hesitate  to  advise  it,  because  the  increased  value 
of  the  land  irrigated  would  compensate  for  the  increased  cost,  and  we  should  then  be  absolutely 
certain   that   no  annoyance  would  result   from  the  delivery   of  the    foul  flow   into  the  Seine. 

Arrangements  for  the  Interior  of  Houses. — In  order  not  lo  combine  the  water  of  the  roofs 
and  court- }'ards  with  the  household  waters  and  water-closet  discharges  ;  to  prevent  the  discharge  into 
the  sewers  of  garbage  or  an}'thing  else  than  foul  drainage,  strictly  speaking:  and  to  prevent  the  air 
of  the  soil-pipes  from  entering  the  houses — these  are  the  objects  which  Mr.  Waring  had  in  view  in  his 
arrangement  of  drainage-works  in  the  houses. 

To  attain  the  first  object  it  will  sufifice  not  to  unite  the  pipes  which  carry  rain-water  with  those 
which  carry  foul  drainage. 

To  keep  garbage  and  other  things  out  of  the  soil-pipes  it  does  not  suffice  to  interdict  this  universal 
habit.  To  make  the  practice  impossible  and  to  cause  those  who  violate  the  requirement  to  suffer  the 
disagreeable  consequences  of  I  he  act — to  this  end  there  is  placed  under  each  vessel  a  small  trap 
which,  while  permitting  the  flow  of  water,  arrests  foreign  objects  and  insures  a  permanent  hydraulic  seal, 
so  that  the  air  of  the  drain  can  never  enter  the  house  through  this  channel.  So  far  as  water-closets 
are  concerned,  they  are  supplied  with  an  arrangement  which  accomplishes  the  same  purpose  as  the 
smaller  siphon  described.  It  permits  the  passage  of  faecal  matter  and  paper  but  arrests  such  things 
as  small  sticks,  pen-holders,  etc.,  which  are  long  enough  to  become  wedged  across  the  sewer-pipe 
and  cause  obstruction.     This  is  also  a  sufficient  water-seal  trap. 

To  secure  its  good  working  this  apparatus  requires  the  use  of  a  certain  quantit)'  of  water.  With 
ten  to  fifteen  litres  of  water  per  person  per  day  discharged  into  the  closets  we  may  be  certain  of  their 
being  kept  in  good  condition,  while  the  removal  of  faecal  matters  will  be  completely  accomplished. 
This  removal  is  further  aided  by  the  other  waste  liquids  of  a  house  which,  so  far  as  convenient,  should 
be  discharged  through  the  water-closets.  Soil-pipes  ten  centimetres  in  diameter  will  suffice  even  for 
very  high  and  populous  liouses,  btit  pipes  of  larger  diameter  now  existing  can  be  retained  without  in- 
convenience.     It  suffices  to  connect  them  in  a  proper  manner  with  the  smaller  pipe  running  to  the  sewer. 

In  schools,  barracks,  industrial  establishments,  etc.,  where  we  wish  to  assure  the  cleansing  of  the 
closets  without  depending  on  those  who  visit  them,  there  are  arranged  a  little  distance  above  the  seats 
small,  automatic  flush-tanks  which  discharge  at  short   intervals. 

The  arrangement  made  for  the  latrines  connected  with  the  public  schools  in  Paris  secures  perfect 
cleanliness  and   the   suppression    of  all   odor,  as  has  been   demonstrated  by  nearl)-  a  year's  use. 

For  the  sake  of  econom)-  the  present  water-closet  bowls  may  be  retained,  the  proper  obstructing 
trap  being  placed  between  them   and  the  soil-pipe. 

If,  on  the  other  hand,  \\'atcr-closets  are  to  be  provided  for  apartments  or  establishments  where  the 
consideration  of  good  appearance  and  absolute  cleanliness  is  more  important  than  mere  cheapness,  we 
should  use  tiie  "  Dececo  "  apparatus,  in  which  the  arrangement  devised  by  Mr.  Waring  insures  a  perfect 
water  seal,  good   appearance  and  cleanliness,   with  the  exclusion  of  foreign  substances. 

V.    CONCLUSIONS — SUPERIORITY   OF   WARING'S   SYSTEM   OVER   OTHER   SYSTEMS   OF   SEWERAGE. 

Sewerage  according  to  this  s}-stcni  permits  at  the  same  time  the  maintenance  of  the  existing  large 
sewers,  the  postponement  without  injury  to  the  public  health  of  the  further  construction  of  such 
sewers,  and  the  immediate  suppression  of  all  vaults  and  cesspools.  It  assures  the  sanitary  impro\'e- 
ment  of  existing  sewers  by  preventing  the  introduction  of  organic  m.ittcrs,  and  will  allow  them  to 
discharge  hereafter  at  the  western  beach  and  even   into  the   interior  docks  of  the  harbor 
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Both  to  secure  a  circulation  of  air  in  the  sewers,  and  as  a  provision  for  an  increase  of  population, 
the  dimensions  given  to  the  sewers  of  this  system  are  such  that  even  during  the  hours  of  greatest 
flow  they  run  only  half-full.     The  system  is  therefore  an  eminently  elastic    one. 

A  relatively  small  quantity  of  water  sufifices  with  this  system  to  secure  cleanliness  in  the  interior 
of  houses  and  in  the  sewers  themselves,  while  the  flushing  may  be  done  with  fresh  water  instead  of 
sea-water,  which  constitutes  an  advantage  if  the  sewage  is  to  be  used  for  irrigation. 

The  sand  resulting  from  the  wearing  of  the  roadway,  which  forms  deposits  in  sewers,  will  no  longer 
be  fouled  with  organic  matter  as  it  now  is.      It  can  then  be  utilized  without  inconvenience. 

This  system  presents  the  further  advantage  of  encouraging  habits  of  cleanliness  among  the  people, 
for  each   disregard  of  the  necessary  requirements  entails  annoyance   to   those   who  violate  them. 

The  defective  sanitary  condition  of  houses,  which  in  any  case  should  be  improved,  can  in  no 
way  be  improved  more  cheaply  than  by  applying  Waring's  system,  which  permits  the  maintenance  of 
soil-pipes  of  any  diameter  and  which  requires  for  the  existing  water-closets  only  the  insertion  of  the 
obstructing  trap. 

The  house-drains,  which,  like  the  work  within  the  houses  themselves,  are  made  at  the  cost  of  the 
owners,  are  by  far  less  costly  than  those  now  in  use. 

The  great  advantage  on  which  we  have  not  sufficiently  insisted  (but  which  is  apparent  at  the 
first  sight  of  the  simplicity  of  arrangements  and  of  the  small  size  that  may  be  given  to  the  sewers  of 
this    system)  is  the   cheapness   of   its   construction  and   maintenance. 

Cost  of  the  First  Establishment  and  of  the  Maintenance  of  Waring's  System.— For 
details  of  the  outlay  required  for  the  construction  and  operation  of  Waring's  system  at  Havre  reference 
is  made  to  the  estimates  ;  but  attention  should  here  be  called  to  the  fact  that  all  the  streets  and  all  the 
quays  have  been  comprised  in  the  net-work  which,  including  the  main  sewer  as  far  as  the  pumping-station, 
covers  a  total  length  of  106  kilometres,  and  that  an  uninterrupted  flow  has  been  assured  bj'  the  in- 
troduction of  pumping  machinery. 

While  everything  has  been  so  designed  as  to  avoid  the  possible  reproach  of  insufficient  size,  we 
find  that  the  total  outlay  required  for  the  establishment  of  the  sewers  to  the  outlet  in  the  Seine,  in- 
cluding the  pumps  and  accessories,  will  be  only  2,835,000  francs,  and  that  the  annual  charges,  including 
interest  on  capital,  sinking  fund,  maintenance,  superintendence,  and  pumping  expenses,  will  not  ex- 
ceed 252,500  francs,  or  2  francs  and  50  centimes  per  head  of  the  population.  These  figures  relate  to 
the  discharge  of  the  sewage  into  the  estuary   of  the  Seine. 

We  have  also  estimated  the  outlay  in  case  the  sewage  is  to  be  employed  in  irrigation.  In  this 
case  the  cost  of  construction  will  reach  3,360,000  francs,  and  the  annual  charges  325,500  francs;  but 
as  the  return  from  the  irrigated  lands  will  secure  a  revenue  to  the  city,  the  annual  charge  would  be, 
after  a  short  time,  reduced  to  the  previous  figure — that  is,  about  250,000  francs,  or  2  francs  and  50 
centimes  for  each  of  the  population. 

{Signed)     E.  FONTZEN. 
Paris,  Nov.  15,  1884. 

The  following  are  the  estimates  appended  to  Mr.  Pontzen's  report : 

DETAILS. 

The    establishment  of    one    linear   metre    of    earthenware    pipe,    placed    at   a   depth    of    about   two 

metres,  laid    with    particular    care    on    a    bed    of   concrete,   including   materials : 

Francs. 

"I.  Removal  and  relaying  of  payment,  using  the  same  material,  .  .  3.10 

Earth-work,  including    shoring   where   necessary,  removal   of  the  excess    of 

earth,  barricades,  bridges,  and    lighting,      .  .  .  .  .  2.5O 

Concrete,    ..........  3. 50 

Pipes  (six-inch),  furnished    and    laid    with    care,  .  .  .  .  3.95 

Tools,  incidental    expenses,  and   contractor's   profit,   .  ,  .  .  1.95 


Total  cost  of   one    metre  (diameter  six  inches),     .  .  1500 


PONTZEN'S  PROJECT  FOR    THE    SEWERAGE    OF  HAVRE. 
On  the  same  basis  and  for  pipes  of   the   same   kind : 
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Francs. 
18.00 
21.00 
24.00 
27.00 
35.00 
44.00 
76.00 
110.00 
150.00 


Pipes  moulded  in  hydraulic  cement,  with  an   interior  diameter  of  36   inches, 
placed    at    a    depth    varying    from    1.50    to    2.50    per   linear    metre. 


70.00 


Estimate  for  the  establishment  of  scivers  as  far  as  to  the  pumping-station,  including  flush-tanks,  lamp- 
holes,  air-inlets,  branch  pieces,  siphons  under  the  Bassin  du  Commerce  and  under  the  Canal  dc  Tancarville, 
and  the   connection   of  public    urinals: 

Diameter.                                     Metres.  at                                               "                                  Francs. 

6-inch                               85,050  15 1.275750 

8  "                                      9,800  18 176,400 

9"                                                      1,450  21 30,030 

10  "                               1,420  24 34.080 

12    "                                                  2,020  27 54.540 

15  "                                     960  35 33.600 

18"                                      1,170  44 51.480 

24"                                         560  76 42,560 

30  "                                      2,000  1 10 220,000 

33"                                      1,590  150 238,500 

Total 106,000 2,156,940 


343  flush-tanks  — for    excavation,  masonry,    and  metallic    parts,  at  an    average  Francs, 

price   of   275    frs.,           ........  94.325 

350    lamp-holes  and  fresh-air  inlets  (about),  at  an  average  price  of  30  frs.,      .  10,500 

21,000    branch  pieces  (about),  at  an    average    price  of    5  frs,     .              .              .  105,000 

The    two    double    siphons    at    an    appro.ximate    estimate,              .              .              .  60,000 

90    urinals    supplied    with    flush-tanks,  at    an    average    price    of    lOO    frs ,          .  9,000 

Contingencies,   10  per  cent.-  (about),             ......  264,235 

Total,          ,             .             .             .             .             .             .             .  2,700,000 


N()TE — A  more  detailed  study  of  the  project  would  allow  the  determination  of  the  exact  lengths 
of  sewers  to  be  laid  under  unpaved  streets,  the  exact  depth  of  ail  parts  of  the  sewers,  the  length  of 
sewer  that  misjjht  be  hung  on  brackets  in  existing  sewers,  and  tlic  exact  numlicr  of  lamp-holes,  air- 
inlets,  and  housc-branclics  It  is  the  uncertaint)'  in  this  regard  which  has  seemed  to  justify  the  addi- 
tion of  the  important   item   for  contingencies. 
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Estimate   of  the  east   of   eonstructing  and   operating  pumps    required  for  the  continuous  discharge  into  the 
Seine  : 

There  will  be  three  pumps  of   15   horse-power  each,  of    which  one,  or  at  most  two,  will  be  in    use, 

Engines,   pumps,   boilers,  houses,  and    chimneys,  at    1,200  frs.   per  horse-power, 

or  per    pump    15  x  1,200=  18,000  frs.;  Francs. 

Or  for  the  three,      ........  .  54,000 

Pump-houses  and  wells,      ........  21,000 

Contingencies,  .........  10,000 


Total   cost,   . 


85,000 


OPERATION. 

Interest  at  5  per  cent,  on  the  cost   of  construction,  85,000  frs., 
Renewal  of  machinery  at   lo  per  cent.,  and  buildings  at   5  per  cent., 
Interest  on  capital,  ....... 

Personnel,     ......... 

Fuel,  ......... 

Incidentals  and  contingencies.        ...... 

Annual  cost  of  operation,     .  .  . 


Fr.mcs. 

4,250 
6,450 
4,250 
8,760 
4,500 
1,790 

30,000 


The  total   volume  of    water   discharged    by  the  main  sewer    in  a  year  being  365x8,600^3,139,000 
cubic  metres,  the  cost  of  insuring  the  continual  movement  will  be,  per  cubic  metre,  0.0096  fr. 


Estimate  of  the  cost   of  constructing  and  operating  pumps   required   to  send  the  sewage  on  to  the  land  to 
be  irrigated  : 


tion. 


There  will  be  three  pumps  of  36  horse-power  each,  of  which  one,  or  at  most  two,  will  be  in  opera- 
Engines,  pumps,  boilers,  houses,  and  chimneys,  at  1,100   frs.  per   horse-power.        Francs. 
/>,  per  pump   36  x  1,100  =  40,000  frs.,  or  for  the  three,  .  .  120,000 

Pump-houses  and  wells,  .......  29,000 

Contingencies,     .........  11,000 


Total   cost. 


160,000 


OPERATION. 

Interest  at  5  per  cent,  on  the  cost  of  construction,  160,000  frs., 
Renewal  of  machinery  at  10  per  cent,  and  buildings  at  5  per  cent.. 
Interest    on    capital,  ...... 

Personnel,     ........ 

Fuel,  ........ 

Incidentals  and  contingencies,        ..... 

Annual  cost  of  operation. 


Francs. 

8,000 
13,450 

8,000 

9,850 
17,300 

4,400 

6 1 ,000 


The  total  volume  of  sewage  to  be  sent  annually  to  the  irrigation-field  being  3,139,000  cubic  metres, 
the  cost  of  lifting  it  to  the  height  necessary  to  insure  its  flow  to  the  land  will  be  0.0194  fr.  per  cubic  metre. 


PONTZEN'S  PROJECT  FOR    THE   SEWERAGE   OP  HAVRE.  1^9 

Total  cost  of  coiistnicfioii  and  a)niual  charges   of  maiiitciiaiicc  resulting  to  the  city  of  Havre  from  the 
application  of  U'a ring's  system  of  setverage,  for  the  zvliole  city : 

FOR    DELIVERING  THE   SEWAGE 

Into  tlie  Seine.  On  to  titc  laud. 

Establishment  of  sewers  and  all  accessories  in  the  city  as  far               Francs.  Francs. 

as  the  pumping-station,        .....             2,700,000  2,700,000 

Construction    of    pumps,             .....                   85,000  160,000 

Outlet  sewer  beyond  the  pumps,             ....                   50,000  500,000 


Francs. 

Francs. 

137.500 

160,000 

30,000 

61,000 

10,000 

10,000 

5  5,000 

60,000 

15,000 

15,000 

15,000 

19,500 

Total  cost  of  construction,  ....  2,835,000  3,360,000 

Interest  at  5  per  cent,  on  the  cost   of  sewers  and  accessories 
excepting  the  pumps,  ..... 

Cost  of  operating  pumps,  ..... 

Maintenance  and  renewal  of  flush  tanks, 

"  "  "         "  sewers,       .... 

Personnel  and  superintendence  of   the  sewers. 
Contingencies,      ....... 

Total  annual  charges,  including  interest,  renewal, 

supervision,  maintenance,  and  operation,         .  252,500  325,500 

Assuming  a  population  of  105,000,  this  corresponds  to  an  an- 
nual charge  per  head  of  population  of,       .  .  .  2.50  3.10 

The  irrigation  reaching  over  300  hectares,  the  increased  pro- 
duce due  to  irrigation  equals  210  frs.  per  hectare,  in  all 
63,000  frs.  This  distributed  over  a  population  of  105,- 
000  will  give  per  head  an  annual  revenue  of,         .  .  0.60 

The  revenue  being  deducted  from  the  cost,  it  results  in  the  fact  that,  even  in  utilizing  the  sew- 
age for  agriculture,  and  thus  avoiding  all  discharge  into  the  Seine,  the  annual  charge  per'  head  of  the 
population   will   not  exceed   2.50  frs. 

December  2,  1885,  Mr.  Jules  Siegfried,  Mayor  of  Havre,  submitted  a  report  to  the  Municipal 
Council  of  that  city.  After  describing  the  condition  of  the  city  and  recounting  certain  general 
principles  wliich  should  regulate  its  sanitary  improvement,  he  reviewed  the  different  projects  that  had 
been  submitted,  viz.,  those  of  Berlier,  Eachus  &  Target,  Durande-Claye,  James  Lesmond,  and 
Pontzen.  Of  the  latter  he  said:  "This  project  is  very  well  made,  and  the  system  proposed  .  .  . 
is  simple,  practical,  and  economical."  He  gave  the  following  as  the  cost  of  the  different  systems : 
Bcrlicr,  4,700,000  francs;  Eachus  &  Target,  4,528,000  francs;  Durande-Claye,  7,373,000  francs:  Les- 
mond,   3,470,000  francs  ;     Pontzen,    2,835,000  francs. 

His  recommendations  cover  six  heads:  (i)  An  increase  in  the  supply  of  water.  (2)  "To  adopt 
the  provisional  project  presented  by  Engineer  Pontzen  for  the  sewerage  of  Havre  and  to  declare  its 
public  utility."  (3)  To  suppress  all  vaults  and  cesspools  as  soon  as  the  sewers  should  be  established. 
(4)  To  provide,  without  charge,  for  each  family  a  daily  water-supply  of  10  litres  per  person.  (5)  To 
vote  a  loan  of  4,800,000  francs  at  5  per  cent.,  payable  in  forty  years.  (6)  To  authorize  the  administra- 
tion to  lay  a  special  tax  of  4  per  cent,  to  cover  this  loan. 

The  first  recommendation  has  now  been  carried  out,  and  the  second,  the  sewerage,  is  about  being 
undertaken. 


CHAPTER   XXI. 

THE  MAIN  SEWER  OF   SARATOGA  SPRINGS,  N.  Y. 

^^'HE  village  of  Saratoga  Springs  occupies  both  slopes  of  a  valley  through  which  there  runs  a 
\^^  moderate  brook  supplied  chiefly  by  large  limestone  springs  breaking  out  in  the  higher  land  west  of 
the  village.  The  brook  itself,  about  twelve  feet  in  width,  lies  for  a  considerable  part  of  its  course 
through  the  village,  furnished  on  both  sides  with  dry  stone  walls;  its  course  is  irregular,  and  at  one 
point  it  turns  at  a  right  angle.  Being  a  receptacle  for  street-wash  and  various  rubbish,  and  having 
an  unfinished  bottom,  its  ordinary  flow  is  very  sluggish.  Nearly  the  whole  volume  of  the  brook  is 
delivered  at  its  head  through  a  single  culvert  crossing  Broadway  in  the  southerly  portion  of  the  vil 
lage.     This  describes  its    original  condition. 

The  Legislature  of  the  State  of  New  York  early  in  1874  passed  an  act  providing  for  the  con. 
struction  of  a  Trunk  Sewer  to  carry  the  normal  flow  of  this  brook,  and  in  addition  thereto  the  general 
sewage  of  the  village,  appointing  commissioners  to  carry  out  the  work.  I  was  employed  as  consulting 
engineer  of  the  board,  and  recommended  the  construction  of  a  brick  sewer  about  two  and  a  quarter 
miles  in  length,  and  having  a  -diameter,  throughout  most  of  its  course,  of  three  feet,  with  a  fall  of 
I    to   400. 

The  upper  end  of  the  sewer,  connecting  with  the  culvert  at  the  head  of  the  brook,  was  made  three 
feet  wide  and  six  feet  high,  having  two  arches  of  1.5  foot  radius  separated  by  vertical  side  walls  gradu- 
ally reduced  to  a  circular  section  three  feet  in  diameter.  To  this  point  the  walls  of  the  sewer  were 
made  of  two  rings  of  bricks  (eight  inches) ;  thence  to  the  outlet,  with  the  exception  of  a  few  points  of 
special  construction  for  overflow  or  inlet,  the  wall  continued  of  a  single  ring  (four  inches).  In  the  first 
course  of  the  arch  each  third  brick  was  laid  as  a  header.  The  sewer  was  underlaid  throughout  its  whole 
length  with  a  four  inch  drain-tile.  Where  necessary,  the  foundation  for  the  sewer  was  made  by  ram- 
ming in  not  less  than  six  inches  of  clean  gravel,  forming  a  bedding  for  the  invert  course,  which  was 
laid  to  lines  drawn  from  true  templets.  The  three  invert  courses  of  brick  were  moulded  to  form  in 
a  plank  mould,  in  series  of  six  bricks  each,  arranged  to  break  joints.  The  interior  surface  of  the 
sewer  was  covered  with  neat  cement  laid  on  with  a  brush,  and  the  arch  was  plastered  with  cement 
mortar  to  a  thickness  of  one-half  inch.  All  materials  were  of  the  best  quality,  and  all  work  was  done 
under  close  inspection. 

Fig.  29  shows  the  detail  of  construction. 

At  one  point,  in  passing  through  unstable  ground  on  a  hillside,  the  form  of  the  sewer  was  dis- 
torted, modifying  the  true  circle  by  a  reduction  of  the  horizontal  diameter  by  four  inches.  This  point 
was  closely  watched  during  the  continuation  of  the  work  and  was  found  to  suffer  no  further  movement, 
so  that  it  was  allowed  to  remain.  In  passing  through  the  sewer  for  final  inspection  after  the  completion 
of  the  work,  I  found  that  this  distortion  had  not  increased,  and  that  the  plastering  on  the  inside  of  the 
work  had  not  cracked.  Ten  years  later  I  was  informed  that  it  was  still  in  sound  condition.  With 
this  exception,  this  thirtysix-inch  sewer,  with  a  four-inch  wall,  passing  through  a  great  variety  of 
ground  and  subject  to  very  unequal  pressures  at  different  points,  remains  perfectly  true  and 
strong. 
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THE  MAIN  SEWER   OF  SARATOGA    SPRINGS,   N.    Y. 


iSl 


At  one  point,  in  order  to  maintain  the  prescribed  grade  without  running  out  of  the  ground  for  a 
long  distance,  a  drop  of  nine  feet  and  six  inches  was  made  in  the  course  of  the  sewer.  This  drop  was 
secured  within  a  length  of  twenty-five  feet.  The  floor  of  the  incline  was  made  with  blue-stone  flag- 
stones, set  on  edge.  Tiicse  were  from  two  feet  to  two  feet  and  six  inches  wide,  ever)-  third  one  having 
an  increased  width  of  six  inches  and  projecting  that  far  above  the  general  surface,  the  object  being  to 
retard   the  flow    and    prevent  injury  to  the  sewer  beyond. 

The  flag-stones  were  about  five  feet  long,  supporting  twelve-inch  brick  side  walls  three  feet  apart 
and  three  feet  high ;  they  were  covered  with  flag-stones  of  the  same  character  as  those  set  on  edge 
in  the  water-way.  The  circular  sewer  at  each  end  of  the  drop  was  protected  by  a  flag-stone  five  feet 
square  with    a    three-foot    hole    cut    through    it. 
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DETAILS   OF    CONSTRUCTION. 
1874. 


Fig.  29 


The  details  of  this  construction  are  shown  in  Plate  XV. 

At  another  point  the  sewer  crosses  a  brook  nearly  at  the  grade  of  its  bottom,  and  it  became 
necessary  to  carry  it  on  a  bridge  under  which  a  water-way  in  the  form  of  an  inverted  siphon  could 
be  provided.  The  depressed  portion  of  the  bridge  was  supported  by  I-beams  varjing  from  six  to 
nine  inches  high  ;  those  at  the  end  of  the  bridge  being  set  in  pairs.  The  I-beams  are  set  three 
feet  apart,  brick  arches  being  thrown  between  them,  the  whole  being  covered  with  concrete,  which  at 
the  position  of  the  sewer  reaches  to  its  spring  line;  the  whole  was  then  filled  with  earth  to  correspond 
w  ith  the  bank  at  each  side  of  the  stream.  The  water-way  at  the  centre,  under  the  sewer,  is  ten  feet 
wide  by  six  feet  and  three  inches  high.     A  wooden  screen   is  placed  at  the  up-stream  side. 

The  details  of  this  work  are  shown   in   Plate  XVI. 

The   outlet  of    the   sewer  was  furnished   with  a  stone    facing,   be)-ond   which  for  a    distance   of   forty 
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feet  a  channel  of  stone-work — half-circle,  radius  two  feet  six  inches — was  carried  to  a  suitable  point 
of  entrance  to  the  brook 

The  details  of  this  are  shown  in   Figs.  30  and   31. 

The  point  selected  for  outlet  was  at  the  time  of  construction  unobjectionable,  at  least  as  com- 
pared with  the  cost  of  further  extension.  The  growth  of  the  village  since  that  time  and  the  occu- 
pancy of  lands  in  the  vicinity  below  the  outlet  for  residence  and  resort  have  made  it  necessary  to 
consider  a  more  distant  removal  of  the  effluent.  So  far  as  I  know,  plans  for  this  extension  have 
not  yet  been  determined  on. 

The  opposition  which  always  attends  improvements  of  this  character,  especially  in  small  commu- 
nities, took  here  the  form  of  a  severe  criticism  of  the  plan  as  to  the  capacity  of  the  sewer,  and 
equally  to  its  construction  It  was  thought  that  nothing  less  than  a  six-foot  sewer  would  answer  the 
purpose,  and  the  early,  complete  collapse  of  the  four-inch  wall  was  confidently  predicted. 

Before  the  flow  was  diverted  from  the  village  brook  its  cross-section  was,  in  the  obstructed  por- 
tion through  the  village,  hardly  less  than  twelve  square  feet.  Further  down  the  stream,  where  the 
brook  meandered  through  the  valley,  it  was  ordinarily  perhaps  one-half  as  much,  with  occasional  quick 
runs  of  not  more  than  two-feet  section.  After  the  ^yhole  flow  had  been  turned  into  the  brick  sewer 
it  maintained  a  uniform  dry-weather  depth  of  six  inches  on  the  invert;  there  were  within  a  short  time 
a  number  of  street  sewers  connected,  and  these  during  heavy  showers  increased  the  flow  of  the  sewer 
materially.  Indeed,  one  very  heavy  shower,  occurring  in  the  summer  of  1876,  the  year  following  the 
completion  of  the  work,  filled  the  sewer  to  its  utmost  capacity,  and  caused  it  to  overflow  at  one  of 
its  man-holes  in  the  lower  part  of  the  village. 

Later  a  number  of  other  street  sewers  carrying  surface-water  and  having  a  very  steep  inclination 
have  been  connected  with  the  main  sewer,  without  provision  for  overflow,  and  it  has  repeatedly  been 
overcharged,  a  difficulty  that  may  easily  be  met  by  providing  storm-overflows  for  those  sewers  deliv- 
ering into  the  brook,  allowing  no  more  to  enter  the  sewer  than  it  has  the  capacity  to  carry.  When 
with  street-paving  and  rapid  growth  the  delivery  of  surface-water  through  pipe-sewers  of  rapid  in- 
clinatvon  is  universal,  it  will  be  sufficient  to  overcharge  even  a  six-foot  sewer  during  heavy  storms.  As 
the  brook  must  necessarily  be  maintained  for  surface-drainage,  there  is  no  objection  to  the  use  of  as 
frequent  and  copious  storm-overflows  as  may  be  needed.  It  is  not  likely  that  the  dry-weather  flow 
will  ever  fill  the  sewer  to  one-quarter  its  capacity.  The  overcharge  of  the  main  sewer  would  rarely, 
if  ever,  occur  if  storm-water  had  been  so  far  as  possible  conveyed  to  it  by  surface  gutters,  which 
would  deliver  the  flow  much  less  rapidly  than  do  the  steep  combined  sewers  now  used. 

The  question  of  the  disposal  of  the  foul  effluent  of  the  village  has  been  the  subject  of  discussion 
ever  since  the  changed  conditions  in  the  vicinity  of  the  outlet  have  made  it  necessary  to  avoid  offence 
in  that  neighborhood.  Indeed,  the  effect  of  the  present  disposal  is  more  serious  than  1  supposed  that 
it  would  be,  and  it  is  obvious  that  some  radical  change  must  be  made.  The  tendency  is  toward  a  dis- 
charge into  Fish  Creek,  about  three  miles  beyond  the  present  outlet.  Among  the  suggestions  made 
is  the  recommendation  to  exclude  storm-water  and  spring-water  as  completely  as  possible  from  the 
main  sewer,  delivering  these  into  the  old  brook,  and  using  the  brick  sewer  only  as  an  outlet  for  the 
dry-weather  flow  of  foul  sewage.  It  seems  to  me  that  it  would  be  more  simple  and  less  costly  to  with- 
hold the  dry-weather  flow  of  foul  sewage  from  the  brick  sewer,  and  to  allow  it  to  continue  the  work 
for  which  it  was  chiefly  designed  :  the  removal  of  storm  water  and  spring-water — the  constant  flow  of 
the  latter  being  ample  to  maintain  a  cleansing  flow. 

When  this  work  was  carried  out  the  separate  system  of  sewerage  had  not  been  adopted  in  this 
country,  nor  was  knowledge  concerning  it  advanced  to  anything  like  its  present  condition.  Had  it 
been,  I  should  have  advised  the  construction  of  a  smaller  pipe-sewer  to  carry  the  effluent  by  a  system 
of  separate  sewers,  so  amending  the  course  of  the  brook  as  to  improve  its  current.     This   would    have 
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been  much  cheaper  than  the  construction  of  the  present  main  sewer  and  its  "  combined  "  branches. 
It  would  have  had  the  still  greater  advantage  of  bringing  the  foul  effluent  of  the  village  within  such 
limits  as  would  have  greatly  simplified  the  disposal    problem. 
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In  view  of  the  work  that  has  already  been  done  and  paid  for,  the  best  and  easiest  relief  will  come 
from  the  interception  of  the  dry-weather  flow  of  the  local  sewers,  and  its  conveyance  by  an  indepen- 
dent pipe-sewer  to  the  proper  point  of    disposal. 
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Fig     31. 

The   foregoing  account   of  this   work  is  given    here  rather  as  a  "  report  of  progress,"  and   as  an   illus- 
tration of  the  manner  in  which  sundry  local  conditions  were  met. 


CHAPTER   XXIL 

THE  BUFFALO  TRUNK  SEWER. 

y^  'HE  city  of  Buffalo  lies  at  the  easterly  end  of  Lake  Erie,  at  and  just  above  its  point  of  outlet 
V_^  into  Niagara  River.  All  of  that  portion  of  the  city  bordering  the  lake  and  its  southerly  por- 
tion, along  Buffalo  Creek  and  its  tributaries,  are  little  above  the  ordinary  level  of  the  lake.  The  lake 
and  river  front  is  bordered  by  the  Erie  Canal  and  its  basins,  being  thus  cut  off  from  all  direct 
drainage   into  the  lake. 

In  the  southerly  portion  of  the  city  an  arm  of  the  canal,  known  as  the  Hamburg  Canal,  7,500 
feet  long  and  100  feet  wide,  extends  into  a  flat,  low-lying  portion  of  the  city.  This  is  practically  a 
ail  de  sac,  receiving  at  its  upper  end  only  an  old  sewer  which  ordinarily  carries  but  a  light  flow,  but 
which  is  occasionally  swollen  to  its  full  capacity  by  storm  water.  The  ordinary  flow  of  this  sewer 
is  very  foul,  as  it  drains  a  district  occupied  by  stock-yards,  slaughter-houses,  tanneries,  and  other  offen- 
sive industries,  becoming  during  storms  literally  an  offal-gutter.  The  Hamburg  and  the  Erie  canals 
until   now  received   all  of  the  sewage  of  the  principal  portion   of  the   city. 

By  this  arrangement,  the  Erie  Canal  became  the  main  outlet  sewer  of  the  city.  While  it  had  a 
sufificient  flow  to  remove  foul  matters  before  they  became  intolerable  to  the  people  of  Buffalo,  it  re- 
tained them  during  its  further  course  and  became,  by  reason  of  their  putrefaction,  extremely  offensive 
to  the  population  of  Tonawanda  and  Lockport. 

Moved  largely  by  the  complaints  from  these  towns  and  suffering  from  the  very  foul  condition  of 
the  currentless  Hamburg  Canal,  Buffalo  found  it  necessary  to  devise  means  for  overcoming  the  diffi- 
culty. The  question  was  submitted  to  Messrs.  Young,  city  engineer,  and  Julius  Adams  and  Moses  Lane, 
consulting  engineers,  who  in  1880  reported  a  plan  for  a  Trunk  Sewer,  substantially  eleven  feet  in 
diameter  at  the  upper  end  of  the  Hamburg  Canal  and  twelve  feet  in  diameter  throughout  its 
lower  course.  It  was  to  be  laid  along  the  north  bank  of  the  Hamburg  Canal  and  on  or  near  the 
bank  of  the  Erie  Canal,  passing  under  this  canal  and  its  adjacent  basin  to  Niagara  River  by  a  vertical 
shaft  and  tunnel  at   Albany  Street. 

This  report  and  the  consideration  of  the  whole  subject  was  submitted  later  to  Messrs.  Sooy  Smith, 
E.  S.  Chcsbrough,  and  J.  Herbert  Shedd.  This  commission  reported  in  1881,  recommending  the  inter- 
ception of  the  Mill-Race  sewer  at  a  point  some  distance  above  the  head  of  the  canal,  running  thence 
through  Seneca  Street  910  feet  distant  from  the  Hamburg  Canal  and  parallel  with  it,  thence,  sub- 
stantially on  the  course  adopted  by  the  previous  commission,  to  the  same  point  of  outlet,  the  out- 
fall, well,  and  tunnel  to  be  modified  "by  rounding  off,  as  far  as  possible,  all  square  corners  and 
avoiding  all  unnecessary  enlargements  of  water-waj-s."  This  sewer  was  to  be  nine  feet  eight  inches 
in  diameter  at  its  upper  end,  eleven  feet  seven  inches  in  diameter  at  the  middle  portion  of  its 
course,  and  eleven  feet  eleven    inches    in    diameter    througliout    its  lower    portion. 

The  case  was  submitted  to  me  in   the  summer  of    1882.     I   recommended  a  sewer   located,  as  to  its 

upper  part,  in   Swan    Street,    1,380  feet    distant    from   the  Hamburg  Canal  and   parallel  with   it,   its  upper 

end    being    at    Hamburg    Street,  which    crosses   at   the    head    of    the    Hamburg   Canal,   its  course  bc}'()nd 

the  westerly  end  of   Swan   Street    to  be  substantially  the  same  as  that  previously  adopted  (Plate  XVII.) ; 
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the  sewer  to  be  eight  feet  in  diameter  throughout  its  whole  course  as  far  as  the  crossing  of  the  Erie 
Canal  at  Albany  Street,  here  to  be  enlarged  to  eight  feet  six  inches  in  diameter,  and  carried  on  curves 
of  large  radius  under  the   canal  to  the  point   of  delivery  in  the   wall   at   the   bank  of   Niagara   River. 

This  sewer  was  to  be  connected  at  its  upper  end  with  the  Mill-Race  sewer  by  a  sewer  four  feet 
In  diameter  and  with  the  upper  end  of  Hamburg  Canal  by  a  flushing-inlet  7.25  feet  in  diameter.  At 
other  points  in  its  course  it  was  to  be  connected  with  the  Hamburg  or  Erie  Canal  by  flushing-inlets 
of  appropriate  diameter.  All  of  these  flushing-inlets  were  to  be  provided  with  swing-gates  opening 
to  admit  water  from  the  canal  at  all  ordinary  times,  but  closing  to  prevent  the  outflow  of  sewage 
into  the  canal  during  such  storms  as  would  raise  the  level  in  the  sewer  above  that  of  the  out-lying  water. 

In  my  preliminary  report   I  said  concerning  the  capacity  of  the  sewer: 

The  theory  on  which  the  earlier  recommendations  have  been  based  commands  full  approval. 
There  can  be  no  more  perfect  means  devised  for  securing  the  end  in  view  than  to  establish  a  strong, 
active,  and  constant  current,  in  a  channel  specially  provided  for  the  purpose,  sufficient  to  wash  into 
Niagara  River  below  the  intake  c^f  the  water-works  those  foul  substances  which,  under  present  con- 
ditions, are  deposited  in  the  canals.  In  its  ability  to  maintain  such  a  current  Buffalo  is  especially 
favored.  The  means  for  most  copious,  constant  flushing  and  the  absolute  solution  of  the  usually 
difificult  question  of  disposal  afforded  by  your  canals  and  your  river  are,  so  far  as  I  know,  equalled 
in  no  other  American  town.  Filth  delivered  into  the  head  of  the  sewer  will  speedily  be  shot  into 
the  river  and  practically  annihilated.  Mi  Chesbrough  and  Mr.  Lane  have  both  accepted  this  solu- 
tion of  the  problem  and  have  demonstrated  its  completeness. 

In  the  details  of  their  application  they  differ  but  slightly,  and  for  the  purposes  of  this  discus- 
sion it  will  be  well  to  confine  attention  to  the  later  of  the  two  projects,  which  provides  for  a  circular 
sewer  eleven  feet  and  eleven  inches  in  diameter,  discharging  at  Albanj-  Street  at  a  grade  which 
brings  the  crown  of  its  arch  three  feet  above  the  ordinary  level  of  the  river.  At  its  upper  end,  at 
Hydraulic  Street,  it  is  equal  to  a  circle  nine  feet  and  eight  inches  in  diameter,  and  the  crown  of  its 
arch  is  there  about  six  feet  above  the  ordinary  level  of  Niagara  River  at  Albany  Street.  Its  theo- 
retical dead-water  line  is  one  foot  and  four  inches  above  its  invert  at  its  upper  end  and  nearly  six 
feet  at  its  lower  end  It  is  arranged  to  receive  a  copious  inflow  from  the  canal,  of  which  the  ordinary 
level  is  four  feet  and  nine  inches  above  this  line.  This  inflow  would  establish  the  desired  current. 
The  dry-weather  flow  of  tlie  sewers  would  add  something  to  the  volume  thus  taken  from  the  canal, 
and  deposits  at  the  bottom  of  the  sewer  need  not  be  considered.  Should  such  deposits  form,  they 
will  be  safel}-  buried  under  a  li\ing  current,  and  they  would  be  removed  with  each  storm.  In  short, 
the  proposed  sewer  can  safely  be  accepted  as  efficient  and  satisfactory  in   its  operation. 

Reasonable  criticism  of  the  proposed  work  is  confined  to  its  cost  and  to  the  time  which  must  be 
occupied  in  its  construction.  The  sewer  is  intended  to  take  all  of  the  dr\--weather  flow  of  the  city's 
drainage  and  a  considerable  amount  of  storm-water.  As  the  purpose  of  its  construction  relates 
solely  to  the  withholding  of  filth  from  the  canal,  it  is  not,  in  m)^  judgment,  of  unquestionable  pro- 
priety to  spend  so  much  money  ant!  to  postpone  the  benefit  to  the  cit)-  for  so  long  a  time  as  would 
be  required  for  its  construction,  for  the  sake  of  keeping  out  of  the  canal  a  large  volume  of  surface- 
water  whose  introduction  would  in  no  case  be  serious  in  its  effect.  Were  it  proposed  to  intercept 
all  of  the  storm-water,  the  conclusion  would  at  least  be  logical ;  but  as  all  ver}-  heav)'  storms  would 
cause  the  sewer  to  overflow  into  the  canal,  it  seems  prudent  to  consider  the  efificiency  of  the  inter- 
ception of  a  less  amount,  including  the  early  flow  of  severe  storms,  bearing  the  foul  deposits  of  the 
sewers,  and  the  whole  flow  of  light  rains.  There  is,  of  course,  a  certain  advantage  in  intercepting  as 
much  of  the  storm-water  as  possible;  but  as  storm  water  contains  during  long  rains  less  and  less 
organic  matter  as  its  flow  continues  and  increases,  there  comes  a  point  at  which  its  interception  costs 
more  than  it  comes  to.  I  think  this  jioint  is  passed  in  adopting  an  intercepting  sewer  for  Buffalo 
whicii  calls  for  such  an  extravagant  outhi)-  as  the  one  in  question.  Were  it  neces.saiy  to  depend  on 
large  volumes  of  storm-water  to  AlisIi  the  intercepting  sewer  itself,  as  it  generally  is,  the  case  would 
be  different.  But  here  we  do  not  in  the  least  care  for  the  flushing  of  occasional  storms:  we  have  in 
the  inexhaustible  suppl)'  of  the  canal  more  than  we  need  for  such  constant  flushing  as  will  keep  the 
sewer  always  clean  to  its  invert,   if  it   be  of  only  ample  proportions. 
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It  would  seem,  therefore,  that  while  the  sewer  proposed  by  the  two  boards  of  experts  would  un- 
doubtedly establish  a  current  sufficient  to  remove  the  filth  of  the  city's  drainage,  as  good  a  practical 
result  may  be  obtained  with  a  much  smaller  outlay.  It  is  no  doubt  true  that  the  prosperity  of  the 
city  is  so  great  that  it  should  not  hesitate  at  any  expenditure  needed  to  secure  most  perfect  sanitary 
conditions,  but  there  will  still  remain  an  ample  field  for  profitable  investment  in  sanitary  works  after 
the   intercepting   sewer  shall   have  been    finished.     Economy,  not   parsimony,  should    control   each  step. 

From  its  intersection  with  the  Mill-Race  sewer  to  the  point  where  the  depression  to  go  under 
the  canal  begins,  near  Albany  Street,  the  inclination  of  the  sewer  will  be  i  to  4,656.  The  walls  of  the 
sewer  should  be,  uniformly  throughout  its  whole  length,  about  thirteen  inches  thick  (three  rings).  In 
passing  the  water-works  some  special  provision,  such  as  that  indicated  in  the  former  specifications, 
will  be  necessary.  As  this  part  of  the  sewer  will  be  laid  in  rock-cutting,  in  addition  to  the  iron  casing, 
some  special  means  will  be  required  for  intercepting  water  flowing  through  seams  of  the  rock  which 
may  have  become  contaminated    by  leakage  from  the  sewer  at  a  distant  point. 

The  invert  of  the  sewer  at  Albany  Street  will  be  10  feet  below  the  city  datum.  At  its  head  the 
invert  will  be  5.18   feet  below  the  city  datum. 

At  its  upper  end  the  invert  of  the  sewer  will  be  2  43  feet  below  the  ordinary  level  of  the  water  of 
the  Hamburg  Canal.  Flushing-water  may  be  admitted  from  the  canal  in  sufficient  volume  to  estab- 
lish a  flow  about  2.25  feet  deep,  and  this  depth  of  flow  can  be  substantially  maintained  throughout 
the  whole  length  of  the  sewer  by  frequent  admissions  of  canal-water  along  its  course. 

The  sewer  would  intercept  all  of  the  sewers  which  now  deliver  into  the  canals  throughout  its 
whole  course,  and  it  may  be  made  to  receive,  by  inexpensive  iron  siphons  under  the  Hamburg  Canal, 
the    foul  wastes  of  the  industrial  establishments  on  and  near  its  south  bank. 


The  special  appliances  needed  will  be  the  connections  for  the  reception  of  the  flow  of  the  inter- 
cepted sewers  and  the  connections  for  the  admission  of  canal-water,  with  valve-gates  to  close  automati- 
cally when  the  flow  of  sewage  rises  higher  than  the  water  in  the  canal.  The  continuation  of  the  inter- 
cepted sewers  will  serve  as  ventilators  and  as  overflows,  relieving  the  main  of  its  air  as  its  water  rises, 
and   delivering  into    the   canal    so   much    of  the  storm-water  discharge  as  cannot  be  intercepted. 

The  capacity  of  an  intercepting  sewer  is  subject  to  material  reduction  by  the  amount  of  involved 
air  carried  into  it  with  the  rapid  flow  of  intercepted  sewers  of  steep  inclination.  In  order  to  secure 
the  full  effect  of  the  work  it  will  be  necessary  at  points  to  adopt  means  for  the  escape  of  this  air  be- 
fore the  flow  enters  the   main. 

The  tumbling  bay  and  tunnel  under  the  canal,  proposed  by  the  first  board  of  experts,  was  proper- 
ly criticised  by  their  successors.  All  such  devices  leading  to  a  disturbance  of  the  flow  are  objection- 
able and  wasteful.  The  sewer  should  be  carried  under  the  canal  by  a  gradual  depression  of  the  main 
line,  and  on  a  course  of  easy  reversed  curves  with  only  such  slight  enlargement  of  its  diameter  as  may 
be  needed  to  compensate  for  the  changes  of  direction,  reducing  the  velocity  of  flow  as  little  as 
possible. 

Capacity — Although  less  than  half  as  large  as  the  construction  previously  recommended,  this 
sewer  is  a  large  one  and   its  capacity  is  verj^  great. 

I  have  submitted  my  project  to  W.  R.  Hutton,  Esq.,  Consulting  Engineer,  an  eminent  hydrau- 
lician,  and  have   received  from  him   the  following  estimate  of  the  rate  of  discharge  that  will  be    secured. 

Assuming  the  sewer  to  receive  the  intercepted  streams  at  its  crown,  with  no  additional  head,  the 
capacity  will  be : 

At  H)'draulic   .Street,  192.2  cubic  feet   per  second. 

At  Michigan   Street,  207.8  cubic   feet   per  second. 

At  Court  .Street  and  the  Terrace,  230.0  cubic  feet  per  second. 

At  a  point  between   Virginia  Street  and  Carolina  Street,  249.6  cubic  feet  per  second. 

At  Porter  Avenue,  301. 0  cubic  feet  per   second.* 

*A  recent  gauging  of  all   the  sewers  to  be  interccplcd   showed  :i   lotal   dr)--\vc.itlicr  How  of  1  nly   II. 9  cubic  feci   per  second. 
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With  the  intercepted  streams  entering  man-holes  6  feet  above  the  crown  of  the  sewer  and  main- 
taining this   additional   head,  as  they  would  do  before  overflowing  into  the    canal,  the    capacity  will    be : 

At   Hydraulic  Street,  244.0  cubic  feet  per  second. 

At  Court  Street  and  the  Terrace,  308.0  cubic  feet  per  second. 

At   Porter  Avenue,  421.0  cubic  feet  per  second. 

Supposing  a  population  of  500,000  to  occupy  that  portion  of  the  city  draining  to  the  intercepting 
sewer  above  Court  Street  and  the  Terrace,  with  a  daily  production  of  sewage  of  sixty  gallons  per  per- 
son, and  supposing  one-quarter  of  the  daily  flow  to  reach  the  sewer  in  three  hours,  this  maximum  flow 
would  be  92.8  cubic  feet  per  second,  leaving  a  margin  for  the  admission  of  137.2  cubic  feet  of  storm- 
water  per  second,  which  margin  would  be  increased  during  the  hours  of  least  flow  to  over  200  cubic 
feet  per  second.* 

With  an  interception  under  a  head  of  six  feet,  which  is  entirely  feasible,  these  storm-water  mar- 
gins would   be  increased  to   about  215  cubic  feet   per  second   and   280  cubic  feet  per  second  respectively. 

It  seems  unnecessary  to  provide  for  a  greater  population  for  the  city  than  would  furnish  500,000 
residents  for  this  part  of  its  area.  It  is  to  be  further  considered  that  a  very  large  portion  of  this  area 
is  so  nearly  level  that  its  surface-water  will  reach  the  sewer  slowly  and  very  incompletely,  and  that 
much  of  it  is  so  low  that  its  surface-water  will  not  reach  the  sewer  at  all. 

All  the  sewer-flow  during  light  and  long  continued  rains  will  be  intercepted,  and  only  a  portion 
of  the  flow  during  more  severe   storms,   and   this  not  the  earlier  and    fouler    flow,   will   reach    the   canal. 

The  nearer  we  approach  to  the  outlet  of  the  sewer  the  greater  will  be  the  capacity.  The  steeper 
local  sewers  north  of  Court  Street  will  have  been  washed  clean  and  their  foul  discharge  will  have  gone 
into  the  river  before  the  volume  coming  from  the  upper  end  of  the  main  will  so  occupy  it  as  to  force 
them   to   overflow   into   the   canal. 

Concerning  the  location  selected  as  compared  with  the  north  bank  of  the  Hamburg  Canal  and 
with   Seneca  Street,  I  said : 

My  opinion  is  very  decidedly  in  favor  of  the  Swan  Street  line.  It  is  to  be  understood,  of  course, 
that,  whichever  route  is  .selected,  the  level  at  which  the  sewer  is  laid  will  be  substantially  the  same, 
and  that  it  will  intercept  as  wide  an  area  if  laid  in  Swan  Street  as  it  would  if  laid  at  the  bank  of  the 
Hamburg  Canal  Opinion  on  this  subject  should  be  controlled  by  the  following  considerations: 
The  line  along  the  bank  of  the  Hamburg  Canal  will  necessarily  be  expensive  both  in  the  matter  of 
right  of  way  and  in  the  obvious  difficulties  in  the  construction  of  work  at  that  point  below  the  level 
of  the  canal.  The  uncertain  difficulties  of  working  in  such  a  locality  would  require  a  prudent  con- 
tractor to  add  to  his  estimate  a  very  large  margin  for  insurance.  The  Seneca  Street  route,  though 
much  easier,  passes  through  several  seams  of  quicksand,  which  would  certainly  increase  the  expense  of  work 
materially,  and  it  would  introduce  uncertainties  which  must  also  be  taken  into  account  in  estimating. 
Another  objection  to  this  route,  more  fancied  than  real,  relates  to  the  obstruction  of  the  street  during 
the  execution  of  the  work.  The  Swan  Street  route,  as  indicated  by  frequent  soundings,  seems  to 
escape  quicksands  entirely,  and  to  offer  the  most  certain  basis  for  estimate  and  the  least  obvious 
difficulty.  From  a  point  east  of  Michigan  Street  to  the  Terrace  it  would  be  built  in  tunnel,  so  that 
the  traffic  of  the  street  would  be  in  nowise  interfered  with  between  these  two  points.  From 
Michigan  Street  to  the  head  of  the  sewer  at  Hydraulic  Street  the  work  would  have  to  be  done  in  open 
cut  ;  but  not  more  than  400  feet  in  length  would  need  to  be  opened  at  any  one  time.  The  cut  for 
an  eight  foot  sewer  need  not  be  more  than  twelve  feet  in  width  in  the  middle  of  the  street,  and  the 
excavating  apparatus  used,  straddling  the  cut,  would  stand  on  a  footing  occupying  not  more  than 
fifteen  feet  in  the  middle  of  the  street,  leaving  an  ample  passagewa)'  at  each  side.  At  no  time  would 
there  be  earth  or  other  material  dejjositcd  on  the  street  outside  of  the  fifteen  feet  reserved,  all  earth  ex- 
cavated being  dumped  on  the  completed  structure  or  delivered  by  chutes  into  carts  for  immediate  removal. 

The  intercepting  sewer  being  located  in  Swan  Street,  some  means  must  be  adopted  for  carrying 
to   it   the  dr)'-weather  flow  of   the   district    between   this  street  and    the   main  and    Hamburg  Canal.     This 

*  By  the  empiricai  forniul:>  ul  Julius  Ad:inis,  E>q  ,  CE.,  llie  capacity  ol  the  sewer  at  Albany  Street  would  be  294.6  feet 
per  second. 
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may  be  done  without  modifying  the  present  local  sewe-rage  and  drainage  of  this  district  by  intercept- 
ing the  present  sewers  with  sewers  parallel  to  the  canal,  and  as  near  to  it  as  convenience  in  working 
will  allow,  which  shall  connect  them  with  the  flushing-inlets  described  below.  By  this  means  all  of  their 
flow,  except  during  heavy  storms,  will  be  carried  into  the  intercepting  sewer,  and  such  of  them  as  de- 
liver below   the  level  of  the   canal  will  carry  a  current  of  canal-water  toward  the  main  sewer. 

It  is,  however,  to  be  recommended  that  this  district  and  the  manufacturing  establishments  south  of 
the  canal  be  provided  with  a  separate  system  of  sewers  to  carry  all  of  their  foul  flow  to  the  intercept- 
ing sewer. 

Concerning  the  flushing,  I  said  :  As  before  stated.  I  believe  that  for  a  long  time  to  come,  and 
probably  for  all  time,  the  sewer  above  described  will  answer  every  desirable  purpose  that  it  is  worth 
while  now  to  provide  for.  I  have  arranged  for  the  admission  of  so  much  of  the  flow  of  every  sewer 
along  the  route  as  can  find  room  in  a  channel  having  an  average  capacity  of  discharge  of  125,000  gal- 
lons per  minute.  If  the  inlets  from  the  canal  to  the  sewer  were  not  protected,  there  would  be  a  dis- 
charge of  sewage  into  the  canal  whenever  the  flow-line  in  the  sewer  rose  higher  than  the  level  of  the 
canal-water.  Such  outflow  must  be  prevented  by  simple  swinging-gates  opening  or  closing  with  the 
current.  Their  effect  would  be  to  retain  in  the  sewer,  until  the  point  of  overflow  at  the  crown  is 
reached,  all   that  comes  to   it,  causing  it  to  discharge  to  its  full  capacity. 

My  report  was  made  to  a  board  of  commissioners,  to  whom  the  coi>struction  of  the  Trunk  Sewer 
had  been  entrusted  by  legislative  enactment.  In  their  report  to  the  common  council  of  the  city  they 
said  : 

"  The  route  we  submit  is  substantially  the  same  as  that  proposed  in  the  former  plans,  between 
Albany  Street  and  the  Terrace.  We  have  decided  upon  the  Swan  Street  line  as  the  most  practicable, 
and  cheaper  than  the  other  routes.  We  do  not  favor  the  line  through  the  lower  Terrace  and  the  bank 
of  the  Hamburg  Canal,  for  the  reason  that  it  is  more  circuitous  and  very  much  more  expensive,  and 
because  it  is  doubtful  if,  with  the  utmost  care  and  skill,  it  could  be  so  constructed  upon  the  bank  of 
the  canal  and  below  the  water-line  as  that  the  canal-water  would  not  leak  into  it.  This  route,  too, 
would  involve  the  payment  of  land  damages  to  an  unknown  amount,  and  thus  increase  the  cost  of 
the  sewer. 

"We  are  advised  that  the  E.xchange  Street  route  is  not  practicable  owing  to  the  character  of  the 
soil  and  the  level  of  the  land. 

"  Borings  in  Seneca  Street  have  developed  a  number  of  quicksands  which  would  render  construc- 
tion expensive  and  difficult,  and  this,  combined  with  the  fact  that  this  street  is  so  extensively  used  for 
active  business  through  its  whole  length  that  the  excavation  might  be  considered  onerous  to  business 
interests,  has  decided   us  not  to  select  that  route. 

"  Swan  Street,  beyond  Ellicott,  is  a  residence  street,  and  the  open  cut  which  will  occupy  the 
middle  of  the  street  will  not  so  seriously  inconvenience  any  one  as  to  be  an  objection.  We  propose 
to  construct  the  sewer  from  the  Terrace  to  a  point  east  of  Michigan  Street,  under  Swan  Street,  in  tun- 
nel, thus  avoiding  any  interference  witli  travel  between  those  points  ;  be}'ond  that,  easterly,  the  open 
cut  will  be  but  fifteen  feet  wide,  and  by  proper  regulations,  to  be  strictly  enforced  upon  the  contractors, 
a  clear   passage   for  vehicles  will   be  maintained    on    each   side  of  the  cut. 

"  By  frequent  borings  in  Swan  Street  it  appears  that  the  soil  is  of  clay,  which  not  only  insures 
easy   working   in    the  tunnel,   but   an   excellent   and    secure   bed   for   the  sewer." 


"  The  bottom  of  the  sewer  in  Swan  Street  will  be  at  the  same  level  that  it  would  be  if  placed  in 
Seneca  Street  or  on  the  bank  of  the  canal,  and,  being  below  the  water-line  of  the  canal,  insures  a  con- 
stant flow  of  water  into  the  sewer  from  the  canal,  thus  answering  the  double  purpose  of  flushing  the 
sewer  and  constantly  changing  the  water  in  the  canal. 

"  We  have  given  much  thought  and  our  most  careful  consideration  to  the  size  of  the  sewer,  and 
in  submitting  to  you  one  eight  feet  in  diameter  in  place  of  one  twelve  feet  in  diameter  we  feel  confi- 
dent that  we  are  providing  ample  capacity  for  the  sewage  of  all  the  territory  to  be  drained  in  the  fu- 
ture.    It   is  beyond  controversy  that   a  sewer  of  even  less   size  would,  for   a  great   many  years   and   for  a 
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vastl)'    increased  population,  receive  and  dispose  of  all   the  sewage   proper,  and  it  is  a  simple   question  of 
how   much  of  the  storm-water  shall  be  intercepted. 

"  The  sewer  of  twelve  feet  in  diameter  as  heretofore  proposed  did  not  take  all  the  storm-water, 
but  was  provided  with  overflows  into  the  canals.  The  sewer  we  propose  will  not  take  as  mucli 
storm-water,  but  will  take  all  of  the  water  which  falls  in  ordinary  rains,  and  it  is  believed  that  the 
overflow  into  the  canal  would  not  occur  many  times  a  year.  By  the  ingenious  arrangement  of  Mr. 
Waring,  as  shown  in  the  drawings,  the  filth  in  the  various  sewers  would  be  carried  off  down  the 
Trunk  Sewer  by  the  first  rush  of  the  storm-water,  and  when  the  overflow  point  is  reached  the  \\ater 
which  will  reach  the  canals  will  be  so  nearly  pure  that  we  feel  perfectly  assured  it  would  not  materi- 
ally contaminate  the  canal  water.  In  addition  to  this,  as  soon  as  the  storm  has  ceased  the  current 
of  water  will  flow  from  the  canal  into  the  sewer,  and  the  water  thus  drawn  out  will  be  replaced  with 
fresh  water  from  the  slips. 

•  ••■■■•••••  ... 

"  The  board  has  caused  an  estimate  to  be  made  of  the  probable  cost  of  the  Trunk  Sewer  con- 
structed upon  the  plan  and  route  herein  submitted.  This  estimate  was  made  upon  the  basis  of  those 
contained  in  the  report  of  City  Engineer  Rogers  under  date  of  April   3,    1882,  and  is  as  follows: 


Excavation,  cubic  yards,  clay. 
Excavation,   cubic  yards,  rock. 
Brick  masonry,  yards. 
Concrete,  yards. 
Lumber,  feet,  B.  M.,  . 
Ironwork,   sewer  connections,  etc., 
Tunnel,  lineal  feet. 
Street  re-paving. 
Outlet  under  canal. 

Total, 


PRICE. 

QUANTITIES. 

AMOUNT. 

$1     00 

106,798 

$106,798 

4  00 

39,600 

158,400 

9  50 

22,21  I 

2  I  1 ,004 

4  00 

6,856 

27.424 

40  00 

144,000 

5,760 
85,280 

2,800 

74.704 
30,00a 
65,000 

$764,370. 


The  estimate  for  the  Swan  Street  line  under  the  old  plan  was  $1,406,782. 

The  actual  cost  of  the  completed  work,  including  right  of  way,  preliminary  surveys,  and  all 
details,  was  $1,035,623  88.  Changing  the  basis  of  the  estimate  so  as  to  increase  the  city  engineer's 
estimate  of  the  cost  of  this  sewer  to  what  it  really  cost,  we  should  have  $1,871,575  as  the  cost 
of  constructing  the  sewer  recommended  by  the  second  commission  and  $1,906,162  as  the  cost  of 
constructing  the  same  sewer  on  the   Swan  Street  line. 

The  scheme  having  been  adopted  by  the  city  council,  I  was  employed  as  consulting  engineer 
in  charge  of  plans  and  execution.  Drawings  and  detailed  specifications  we.re  submitted  in  Januarj-, 
1883.  The  work,  exclusive  of  the  outlet,  was  divided  into  eight  different  sections  for  which  con- 
tracts were  made  with  three  different  contractors. 

The  average  of  the  total  of  the  bids  was  $959,167;  the  total  of  the  highest  bids  was  $1,406,880; 
the  total  of  the  lowest  bids  was  $590,449  ;  the  total  of  the  accepted  bids  was  $696,876.  The  contract 
for  the  outlet  section  was  let  for  $132,000.  The  total  of  the  contracts  let  (including  the  outlet 
section)  was  $828,876. 

Work  was  begun  in  the  spring  of   1883  and  finished   in  the  autumn  of   1885. 

THE   .SrECIFIC.\.TIONS. 


The  specifications  for  this  work  had  one  feature,  which  was,  so  far  as  I  know,  original:  they 
were  published  in  ordinary  pamphlet  form.  This  proved  a  great  convenience  and  comfort  to  all 
concerned.      Instead    of    fumbling  over    a   mass    of    rolled    legal-cap    papers,   often    in   a   high   wind,    to 
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find  a  given  point,  which  it  is  always  most  troublesome  to  do  with  this  form  of  document,  we  could 
easily  refer  to  the  pamphlet,  which  was  of  convenient  size,  securely  bound  and  provided  with  a  com- 
plete index.  This  pamphlet  was  inexpensive,  and  was  furnished  in  abundant  supply.  It  could  be 
carried  conveniently  in  the  breast-pocket,  and  consulted  without  difficulty  under  all  circumstances. 

The  following  clauses,  which  are  ordinarily  embodied  with  the  detailed  specifications,  were  pub- 
lished  by  themselves,   under  the   heading   "Special   Stipulations": 

1.  The  contractor  shall  not  assign  or  transfer  the  contract  nor  sublet  any  of  the  work  embraced 
in  it  without  the  written  consent  of  the  Board  of  Sewer  Commissioners. 

2.  The  contractor  shall  begin  the  work  at  such  points  as  the  engineer  may  direct,  and  shall  con- 
form to  his  directions  as  to  the  order  of  time  in  which  the  different  parts  of  the  work  shall  be  done, 
as  well  as  to  all  his  other  instructions  as  to  the  mode  of  doing  the  same. 

3.  Wherever  the  contractor  is  not  present  on  the  work,  orders  will  be  given  to  the  superintend- 
ents or  overseers  who  may  have  immediate  charge  thereof,  and  shall  by  them  be  received  and  strictly 
obeyed.  And  if  any  person  employed  on  the  work  shall  refuse  or  neglect  to  obey  the  directions  of 
the  engineer  or  his  duly  authorized  agent  in  anything  relating  to  the  work,  or  shall  appear  to  the 
said  engineer  to  be  incompetent,  disorderly,  vicious,  or  unfaithful,  he  shall,  upon  the  requirement  of 
the  said  engineer,  be  at   once  discharged  and  not  again   employed  on  any  part  of  the  work. 

4.  Any  work  not  herein  specified  which  may  be  fairly  implied  as  included  in  the  contract,  of 
which  the  engineer  shall  judge,  shall  be  done  by   the  contractor  without  extra  charge. 

5.  The  contractor  will  be  required  to  observe  all  city  ordinances  in  relation  to  obstructing  streets, 
maintaining  signals,  keeping  open  passageways  and  protecting  the  same  where  exposed,  and  generally 
to  obey  all  laws  and  ordinances  controlling  or  limiting  those  engaged  on  the  works,  and  the  contractor 
expressly  binds  himself  to  indemnify  and  save  harmless  the  city  of  Buffalo  from  all  suits  or  actions  of 
every  name  and  description  brought  against  the  said  city  for  or  on  account  of  any  injuries  or  damages 
received  or  sustained  by  any  party  or  parties,  by  or  from  the  acts  of  the  said  contractor  or  his  ser- 
vants or  agents  in  doing  the  work  herein  contracted  for,  or  by  or  in  consequence  of  any  negligence  in 
guarding  the  same  or  any  improper  materials  used  in  its  construction,  or  by  or  on  account  of  act  or 
omission  of  the  said  contractor  or  his  servants  or  agents;  and  it  is  hereby  further  agreed  that  so  much 
of  the  money  due  to  the  said  contractor  under  and  by  virtue  of  the  agreement  as  shall  be  considered 
necessary  by  the  Board  of  Sewer  Commissioners  may  be  retained  by  it  until  all  suits  or  claims  for 
damages  as  aforesaid  shall  have  been  settled,  and  evidence  to  that  effect  furnished  to  the  satisfaction 
of   the   said    Board. 

6.  The  Board  of  Sewer  Commissioners  shall  have  the  right  to  make  alterations  in  the 
location,  line,  grade,  plan,  form,  or  dimensions  of  the  work  herein  contemplated  either  before  or 
after  the  beginning  of  the  work.  If  such  alterations  diminish  the  c]uantity  of  work  to  be  done,  they 
shall  not  constitute  a  claim  for  damages  or  for  anticipated  profits  on  the  work  dispensed  with ;  if 
they  increase  the  amount  of  work,  such  increase  shall  be  paid  for  according  to  the  quantity  actually 
done   in   equitable   proportion   to  the   rate   provided   to   be   paid    under   the   contract. 

7.  The  contractor  shall  not  be  entitled  to  any  claim  for  damages  for  any  hindrance  or  delay  from 
an)' cause  whatever  in  the  progress  of  the  work  or  any  portion  thereof;  but  such  hindrance  may  entitle 
said  contractor  to  an  extension  of  the  time  for  completing  this  contract  sufficient  to  compensate  for 
the  detention,  the  same  to  be  determined  by  the  engineer,  provided  he  (,the  engineer)  shall  have 
immediate   notice   in   writing  of   the   cause   of  detention,  and   shall    consider  such   cause  sufficient. 

8.  The  work  embraced  in  the  contract  shall  be  begun  within  two  weeks  after  written  notice  so  to  do 
shall  have  been  given  to  the  contractor  by  the  engineer,  and  carried  on  regularly  and  uninterruptedly 
thereafter  (unless  the  said  engineer  shall  otherwise,  in  writing,  specially  direct),  with  such  a  force  as 
to  secure  its  full  completion  on  or  before  the  31st  day  of  December,  1884,  the  time  of  beginning, 
rate  of  progress,  and  time  of  completion  being  essential  conditions  of  the  contract.  And  if  the  con- 
tractor shall  fail  to  complete  the  work  by  the  time  above  specified,  a  sum  equal  to  one-tenth  (i-io) 
of  one  ])er  cent,  of  the  whole  sum  agreed  to  be  paid  under  this  contract,  for  each  and  every  day  there- 
after until  sucli  completion,  shall  be  deducted   from   the   moneys  payable   under   this  contract. 

9.  It  is  further  specially  agreed  that  if  at  any  time  the  engineer  shall  be  of-  the  opinion  that 
the  work  is  unnecessarily  delayed  and  will   not    be  finished   within  the    prescribed    time,  he    shall   notify 
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the  contractor  in  writing  to  that  effect.  And  if  the  contractor  shall  not  within  five  days  thereafter 
take  such  measures  as  will,  in  the  judgment  of  the  said  engineer,  insure  the  satisfactor_\-  completion  of 
the  work,  the  said  engineer  ma)'  thereupon,  by  and  with  the  consent  of  the  Board  of  Sewer  Commis- 
sioners, notify  the  said  contractor  to  discontinue  all  work  under  the  contract ;  and  it  is  hereby  agreed 
that  tiie  said  contractor  shall  immediately  respect  said  notice  and  stop  work  and  cease  to  have  any 
rights  to  possession  of  the  ground.  The  engineer  may  thereupon,  under  direction  of  the  Board  of  Sewer 
Commissioners,  place  such  force  as  he  may  deem  advisable  at  work  to  complete  the  work,  and  use 
such  materials  as  he  may  find  upon  the  line  of  the  work,  or  procure  other  materials,  for  the  comple- 
tion of  the  s.me,  and  charge  the  expense  of  said  labor  and  materials  to  the  contractor;  and  the 
expense  so  charged  shall  be  deducted  and  paid  by  the  contractor  out  of  such  moneys  as  may  be 
then  due,  or  may  afterwards  become  due,  to  the  said  contractor  under  and  by  virtue  of  the  agree- 
ment ;  and  in  case  such  expense  is  less  than  the  sum  which  would  have  been  paj'able  under  the 
contract  if  the  same  had  been  completed  b)'  the  contractor,  then  said  contractor  shall  be  entitled 
to  receive  the  difference ;  and  in  case  such  expense  is  greater,  then  the  said  contractor  or  his  bonds- 
men  shall  pay   the    amount   of    such   excess    so  due. 

And  if  the  contractor  shall  assign  the  contract  without  the  consent  of  the  Board  of  Sewer 
Commissioners,  or  shall  abandon  the  work,  or  shall  neglect  or  refuse  to  comply  with  the  instructions 
of  the  engineer  relative  thereto,  or  shall  fail  in  any  manner  to  comply  with  the  specifications  or 
stipulations  herein  contained,  the  Board  of  Sewer  Commissioners  shall  have  the  right  to  annul  and 
cancel  the  contract,  and  to  relet  the  work  or  any  part  thereof,  and  such  annulment  shall  not 
entitle  the  contractor  to  any  claim  for  damages  on  account  thereof,  nor  shall  it  affect  the  right  of 
the  cit)'   to   recover    damages   which    ma\-    arise    from    such    failure. 

10.  In  any  case  of  dispute  between  contractors  on  adjoining  sections  as  to  the  m.anner  of  con- 
necting   the   work,  or    otherwise,  the    engineer   shall   in    all  cases  decide. 

11.  In  the  construction  along  and  through  "The  Front"  the  contractor  will  be  required  to  con- 
form   to   the    rules    and    regulations    adopted,  or  to    be  adopted,   by    the    Park    Commissioners. 

It  was  an  advantage  not  to  have  these  legal  stipulations  embodied  in  the  technical  specifi- 
cations. 

The  following  extracts  are  made   from   the  specifications : 

EXCAVATING    AND     BACK-FILLING. 

The  ground  shall  be  excavated  in  open  trench  of  the  necessar}'  width  and  depth  or  in  tunnel  of 
the  necessary  size.  The  trench,  except  in  rock  excavation,  shall  be  opened  from  the  surface  of  the 
ground  to  the  level  of  the  horizontal  diameter  of  tlie  sewer  to  a  uniform  width  of  twelve  (12) 
feet.  Below  this  level  the  ground  shall  be  excavated  to  the  exact  cur\'e  of  the  exterior  circumference 
of  the  sewer,  or  of  other  form  or  depth,  as  the  engineer  shall  direct.  A  trench  to  receive  a  tile-drain 
shall  be  excavated  to  a  true  line — or  if  made  deeper  shall  be  properh-  filled  to  a  true  line — one  foot 
below  the  lowest  exterior  line  of   the  sewer. 

The  sides  of  the  excavation  shall  be  supported  by  suitable  sheet  piling,  planking,  and  shoring 
wherever  necessarj-. 

All  irregularities  in  the  bottom  of  the  trench  shall  be  filled  up  to  the  required  level  and  to  the 
true  form  of  the  outside  of  the  sewer,  as  indicated,  with  gravel  or  clean  sand,  firmly  rammed  in,  or  with 
concrete,  as  the  engineer  shall  direct ;  and  where  the  ground  does  not  afford  a  sufificientl}'  solid  founda- 
tion the  contractor  shall  excavate  the  trench  to  such  increased  depth  as  the  engineer  may  decide  to 
be  necessary,  and  shall  then  bring  it  up  to  the  required  level  and  form  with  such  material  and  in 
such  manner  as   the   engineer  shall    determine. 

Except  north  of  Station  80,  near  Hudson  Street,*  all  excavation  shall  be  executed  with  the  aid 
of  such  mechanical  apparatus  as  will  obviate  the  necessity  for  depositing  any  excavated  material  on  the 
surface  of  the  ground,  all  such  material  being  deposited  on  the  completed  structure  or  discharged 
directly  into  carts.     All    material    accidentally    spilled    on    the    surface    of    the    ground    shall    be    at   once 

*  Beyond   tliis  tlic  line  fiid  nol   follow  UavclU-d   sUcets. 
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removed.  This  excavating  apparatus  shall  not  at  any  point  occupy  a  greater  width  at  the  surface 
of  the  ground  than  the  width  of  the  open  trench,  not  to  exceed  a  total  outside  width  of  twelve 
feet. 


DRAINING     THE     WORK. 

Under  the  whole  length  of  the  sewer  a  drain  shall  be  laid  at  a  depth  of  one  foot  below  its 
lowest  exterior  line.  This  drain  shall  be  made  of  sound  pipes  or  draining-tilcs  laid  with  uncemcnted 
joints,  muslin  being  wrapped  around  the  joints  to  exclude  silt.  This  drain  shall  in  all  cases  be  laid 
at  least  ten  feet  in  advance  of  the  construction  of  any  part  of  the  sewer,  and  its  flow  shall  be 
received  in  such  sumps  as  the  engineer  shall  direct,  and  shall  be  kept  pumped  down  in  such  sumps 
night  and  day,  so  that  water  can  never  rise  into  contact  with  masonry  which  has  not  been  completed 
for  at  least  twenty-four  hours.  To  reduce  the  amount  of  pumping  as  much  as  possible,  the  engineer 
will  order  the  drain  to  be  stopped  and  the  sump-holes  in  the  bottom  of  the  sewer  to  be  built  up  from 
time  to  time  as  the  work  progresses;  where  necessary  in  his  opinion,  however,  he  may  order  the  drains 
to  be  continued  in  action,  pumping-stations  to  be  maintained  during  the  execution  of  the  whole  work, 
and  such  order  shall  be  complied  with  without  extra  charge  therefor. 

In  addition  to  the  above  the  contractor  shall,  at  his  own  expense,  pump  out  or  otherwise  re- 
move any  water  which  may  be  found  or  which  shall  accumulate  in  the  trench,  and  shall  form  all 
dams  or  other  works  necessary  for  keeping  the  excavation  clear  of  water  during  the  progress  of 
the  work,  without  extra  charge  therefor. 

The  contractor  shall  provide  for  the  flow  of  sewers,  drains,  or  water-courses  interrupted  during  the 
progress  of  the  work,  and  shall,  when  required  by  the  engineer,  restore  and  make  good  all  connec- 
tions not  lower  than  the  soffit  of  the  sewer,  and  shall  immediately  cart  away  and  remove  all  offensive 
matter,  with   such  precautions  as  may  be  directed  by  the  engineer. 


BRICK    MASONRY. 

In  the  construction  of  brick  masonry  no  brick  or  cement  shall  be  used  except  such  as  shall  have 
been  sold  to  the  contractor  by  the  Board  of  Sewer  Commissioners.  Only  whole  bricks  will  be  used, 
except  in  closing  circles,  all  bats  being  immediately  removed  from  the  work.  Bricks  broken  after 
delivery  on    the  work   shall    be    at    the    loss   of   the  contractor. 


(See  Plate  XIX.)  The  outer  ring  of  the  invert  up  to  the  centre  line  of  the  sewer  (or  spring 
of  the  arch)  shall  be  laid  and  completed  by  itself  in  the  manner  indicated  for  a  length  of  200  feet, 
or  for  such  shorter  length  as  the  engineer  shall  from  time  to  time  prescribe,  in  advance  of  the  lajing 
of  any  part  of  the  second  or  middle  ring.  The  inner  surfaces  of  the  bricks  must  be  laid  on  a  true  circle 
having  a  radius  of  four  feet  nine  and  one-half  inches,  and  with  inner  joints  between  the  bricks  of 
not  over  three-sixteenths  of  an  inch,  and  this  outer  ring  must  be  supported  by  proper  backing,  as 
indicated,  to  within  one  foot  of  its  top  ;  but  the  upper  foot  of  each  side  of  the  outer  ring  must  be 
left  without  backing  until  the  second  ring  shall  have  been  laid  to  the  centre  line  of  the  sewer,  when 
the  backing  is  to  be  carried  to  its  top  and  lightly  rammed,  as  indicated.  The  inner  surface  of  this 
outer  ring,  properly  cleansed  and  wetted,  shall  be  completely  rendered  with  a  thin  and  perfectly 
smooth  plastering  of  neat  Portland  cement,  laid  on  with  the  trowel  as  the  work  progresses,  but  after 
the  joints  shall  have  been  projjerly  and  smodtliK-  struck.  The  imicr  surface  of  this  outer  ring  so 
rendered  must  be  kept  as  clean  as  possible  until  covered  by  the  middle  ring.  If  at  any  time  it  shows 
cracks  or  other  imperfections,  the  engineer  shall  direct  that  the  defective  portion  be  made  good  by 
repairs  or  renewal,  as  he  shall  deem  it  best,  and  such  repairs  or  renewal  shall  be  effected  at  the  sole 
cost    of    the    contractor. 


Plate  XIX. 


BUFFALO  TRUNK  SEWER. 


ARRANGEMENT  OF  THE  THREE  RINGS  IN  THE  BRICK  WORK. 
Geo.  E.  Waring,  Jr.,  1SS2. 
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The  middle  ring  shall  be  laid  in  the  manner  indicated  inside  of  the  outer  ring  in  such  a  bed- 
ding of  mortar  as  shall  carry  the  inner  surface  of  its  bricks  to  a  true  circle  having  a  radius  of  four 
feet  four  and  one-half  inches.  It  shall  be  laid  and  completed  at  least  fifty  feet,  or  for  such  shorter  length 
as  the  engineer  shall  from  time  to  time  prescribe,  in  advance  of  the  laying  of  any  part  of  the  third  or 
inner  ring. 

Its  inner  surface,  properly  cleansed  and  wetted,  shall  be  rendered  with  Portland  cement  as 
directed  for  the  outer  ring.  It  shall  in  like  manner  be  kept  clean,  and  in  case  of  defect  shall  be 
repaired   or  renewed,   if  so  directed    by   the   engineer,   at   the  sole   cost   of   the   contractor. 

The  inner  ring  shall  be  laid  in  the  manner  indicated,  but  with  bricks  of  truest  form  and  sharp 
edges,  with  inner  joints  of  not  more  than  one-eighth  inch  inside  of  the  middle  ring  in  such  a  bedding 
of  mortar  as  shall  carry  the  inner  surface  of  its  bricks  to  a  true  circle  having  a  radius  of  four  feet 
It  shall  be  laid  and  completed  at  least  thirty  feet,  or  for  such  shorter  length  as  the  engineer  shall 
from  time  to  time  prescribe,  in  advance  of  the  setting  of  the  centres  for  the  arch.  Its  inner  surface 
shall  be  kept  clean,  and  in  case  of  defect  it  shall  be  repaired  or  renewed,  if  so  directed  by  the 
engineer,  at  the  sole  cost  of  the   contractor. 

The  centres  for  the  arch  of  the  sewer  shall  be  of  such  dimensions  and  so  set  that  brick-work  laid 
upon  them  will,  witli  the  invert,  complete  a  true  circle  of  four  feet  radius.  The  inner  ring  of  brick- 
work shall  be  laid  with  full  mortar  joints  smoothly  struck  on  the  upper  side.  Only  the  best  and 
truest  select  bricks  shall  be  used  for  this  inner  ring,  and  all  inner  edges  must  be  straight  and  sharp. 
They   must  be   laid   to   inner  joints   of  not  more  than   one-quarter  inch. 

The  middle  ring  shall  be  laid,  as  indicated,  in  a  sufficient  bed  of  mortar  to  bring  the  outer 
surface  of  its  bricks  to  a  circle  having  a  radius  of  four  feet  and  eight .  inches,  and  its  joints  shall  be 
smoothh'  struck. 

The  outer  ring  shall  be  laid,  as  indicated,  in  a  sufificient  bed  of  mortar  to  bring  the  outer  surface 
of  its  bricks  to  a  circle  having  a  radius  of  five  feet  and  one-quarter  of  an  inch,  and  its  joints  shall 
be  smoothly  struck.     The    outer   surface  of   the   arch  shall   be   smoothly  rendered   \\ith   mortar. 

The  centres  shall  not  be  struck  until  the  filling,  as  indicated,  shall  have  been  carried  to  a  height 
of  at  least  two  feet  above  the  top  of  the  sewer. 

The  centres  being  struck,  all  dirt  and  rubbish  being  removed  from  the  inside  of  the  sewer  and 
the  whole  interior  of  the  sewer  being  washed  perfectly  clean,  it  shall  receive,  ^hile  still  wet,  a  thin 
and  perfectly  smooth  plastering  of  _  neat  Portland  cement,  laid  on  with  the  trowel,  over  its  whole 
inner  surface.  This  plastering  must  not  be  soiled  or  disturbed  or  trodden  upon  for  at  least  forty- 
eight  hours  after  its  application. 

In   building  brick  masonry  none  but  careful  and  skilful  brick-layers  shall  be  employed. 

When  new  work  is  joined  to  brick  masonry,  on  which  work  has  been  suspended  long  enough 
for  the  bricks  to  have  become  dr\-,  they  shall  be  thoroughly  wetted,  and  the  old  surface  shall  be 
thoroughly  cleansed  before  the  brick-laying  is  recommenced. 


BACKING   AND   RE-FILLING. 

As  the  laj'ing  of  the  outer  ring  of  the  sewer  progresses  from  the  invert  upward  to  within  one 
foot  of  the  line  of  the  horizontal  diameter,  the  work  shall  be  backed  in  and  carefully  packed  and 
rammed  by  trusted  persons  under  and  around  the  sewer  with  proper  material  and  with  proper  tools, 
of  which  the  engineer  is  to  be  the  judge.  In  thus  filling  in  under  the  sewer  the  earth  or  sand  shall 
be  faithfully  rammed  as  the  work  progresses,  and  in  no  case  shall  the  number  of  men  back-filling  be 
greater  than  the  number  of  those  ramming,  nor  shall  the  layers  in  an\'  case  exceed  two  inches  in  thick- 
ness. After  the  middle  ring  of  the  sewer  shall  have  been  built  to  the  centre  line  the  backing  shall 
be  continued  in  like  manner,  but  only  lighth-  rammed  to  the  height  of  the  brick-work  as  thus  con- 
structed. 

After  I  he  aich  shall  ha\-e  been  completed  this  lightly  rammed  filling  sliall  be  thoroughl)'  consoli- 
dated by  the  use  of  pointed  iron  rammers,  and  the  further  filling  from  its  surface  to  a  height  of  one 
foot    above  the    centre    line   of     the    sewer  shall    be    of    the   finest    material,   applied    in    thin    layers    and 
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thoroughly  ramined  with  pointed  iron  rammers,  the  work  being  done  by  three  men  selected  by  the 
eno-ineer,  one  man  tilling  and  two  men  ramming.  In  filling  the  trench,  after  the  completion  of  the 
masonrv,'  from  a  level  one  foot  above  the  centre  line  of  the  sewer,  use  may  be  made  of  the  material 
excavated  in  opening  the  trench,  but  no  stone  more  than  four  inches  in  diameter  may  be  deposited 
nearer  to  any  part  of  the  sewer  than  one  foot.  In  no  part  of  the  filling  may  the  proportion  of  stone 
to  earth  be  more  than  as  one  to  three.  All  of  this  portion  of  the  filling  must  be  thoroughly  and 
compactly  rammed  in  layers  of  not  more  than  six  inches,  in  such  manner  as  the  engineer  may  direct, 
and  such  number  of  rammers  and  shovellers  shall  be  employed  as  he  may  direct,  in  proper  propor- 
tion to  the  rapidity  with  which  earth  is  deposited.  The  engineer  may,  in  his  discretion,  require  any 
filling-  to  be  rammed   in  wet. 


CONSTRUCTION    IN    PASSING   THE    WATER-WORKS. 

(See  Fio-.  32.)  For  a  distance  of  100  feet  in  passing  the  water-works  the  sewer  is  to  be  constructed 
of  four  rings  of  brick,  instead  of  three  rings,  with  a  thickness  of  wall  of  17  inches  and  with  an  exterior 
diameter  of   10  feet  and    10  inches. 

In    preparing   the   ground    for  the  whole  of    Section   B  an   excavation  will  be  made  to  the  width  of 


TOW  PATH 


=5  2l)iam.Es5io-' 


BUFFALO   TRUNK  SEWER. 


CONSTRUCTION  IN  PASSING  THE  WATER  WORKS. 


diameter  of  the  sewer,  and 
feet.  This  excavation  will 
two  vertical  lines,  not  more 
diameter  of  the  sewer,  to 
inches  with  the  best  quality 
engineer  shall  direct.  As 
space   inside  of  the  4  feet 


16    feet    from   the   surface   of    the  ground   to  the  horizontal 

below    that    to    at     least    a    half-circle   with    a    radius  of    8 

then  be   filled  to  the   height   of   the   sofifit   of    the   sewer  to 

than    9    feet    apart    and    below    the    line   of    the    horizontal 

a  semi-circle   having  a  radius  of   but   less  than  4  feet  and  6 

of  puddling-clay    carefully  and    thoroughly    puddled,  as   the  "^'S-    S^^ 

the     puddling     progresses     from     the    bottom    upward,    the 

and   6  inches    radius    and  of  the    vertical    lines   9  feet   apart,  as  above,  shall  be  filled   with   such   earth  as 

the  contractor  may    select,    the    same    being    well    compacted   to   the    height   of   the   soffit    of    the    sewer. 

The  whole    excavation  .shall  then  be  filled  to    the  surface,    and   .shall    remain    undisturbed    for  the  space 

of  at   least    10  days  before  being   excavated   for    the  construction  of  the  sewer. 

The  ground  being  thus  prepared,  the  excavation  shall  be  made  and  the  sewer  and  the  dram 
under  it  shall  be  con.structed  in  exact  accordance  with  the  specifications  for  the  construction  of  the 
main  line  of  the  sewer,  save  that  for  a  distance  of  lOO  feet,  as  above,  and  as  shown  in  the  plan,  the 
walls  are  to  be  4  rings  (17  inches)  thick,  as  above. 
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CONSTRUCTION   IN   TUNNEL. 

The  sewer  is  to  be  constructed  in  tunnel  between  Station  No.  137  and  Station  No.  163  (2,600 
feet). 

The  whole  of  this  part  of  the  work  must  include  three  rings  of  brick-work,  laid  in  full  joints  of 
mortar,  and    having   a    total    thickness  of  not   less    than    13    inches. 

Subject  to  the  following  requirements,  and  subject  to  the  approval  of  the  engineer  of  the  manner 
in  which  all  parts  of  the  work  are  executed  and  carried  on,  the  contractor  will  be  allowed  the  largest 
liberty  in  selecting  the  means  for  driving  the  tunnel  and  for  backing  and  supporting  the  work.  What- 
ever the  method  or  process  adopted,  there  shall  first  be  constructed  a  complete  sewer,  having  not 
less  than  two  rings  of  brick  masonry,  laid  with  full  joints  of  mortar,  and  having  together  a  thick- 
ness of  not  less  than  8^  inches,  with  the  joints  properly  and  smoothly  struck,  of  an  interior  diameter 
of  not  less  than  8,  feet  and  8  inches,  and  not  more  than  8  feet  and  10  inches.  All  voids  exterior  to  the 
circumference  of  the  sewer  shall  be  properly  and  solidly  filled.  As  this  work  is  completed  all  centres 
and  supports  of  every  kind  shall  be  removed,  and  the  sewer  so  constructed  shall  be  thoroughly  cleaned 
out.  Not  less  than  thirty  days  after  such  removal  of  centres  and  supports  and  after  such  cleansing 
the  sewer  will  be  tested  as  to  the  accuracy  of  its  form  and  position.  If  any  part  of  its  inner  surface 
is  nearer  to  the  true  axis  of  that  portion  of  the  sewer  as  indicated  than  4  feet  and  4  inches,  or  further 
from  the  said  axis  than  4  feet  and  5  inches,  such  defective  portion  must  be  removed  and  rebuilt,  and 
left  without  support  for  thirty  days,  to  test  its  stability.  After  thirty  days  the  distance  of  the  inner 
surface  from  the  true  axis  of  the  sewer  will  be  again  measured,  and  the  operation  shall  be  repeated  as 
often  as  may  be  necessary  to  secure  a  wall  that  has  stood  within  the  prescribed  limits  of  dis- 
tance from    the    true  axis  of  the  sewer  for  a  full  period  of  thirty  days. 

No  extra  compensation  will  on  any  pretext  be  allowed  for  the  renewals  of  the  work  above  provided 
for ;  and  it  is  understood  by  the  parties  to  the  agreement  that  the  sum  agreed  to  be  paid  is  to  cover 
all  such  expenditures  in    full. 

Accuracy  having  been  secured  under  this  test,  there  will  then  be  laid  inside  of  the  sewer  a  third 
or  inner  ring  of  brick-work,  laid  as  indicated  for  work  in  open  cut  with  every  bed,  side,  and  end  of  every 
brick  laid  in  a  full  joint  of  mortar,  and  with  the  joints  smoothly  and  properly  struck,  having  all  parts 
of  its  inner  surface  4  feet   from   the  true  axis  of  the   sewer. 

This  inner  ring  having  been  completed  not  less  than  24  hours,  all  dirt  and  rubbish  shall  be  re- 
moved, the  whole  interior  of  the  sewer  shall  be  washed  perfectly  clean,  and  it  shall  receive,  while  still 
wet,  a  thin  and  perfectly  smooth  plastering  of  neat  Portland  cement,  laid  on  with  the  trowel,  over  its 
whole  inner  surface.  This  plastering  must  not  be  soiled  or  disturbed  or  trodden  upon  for  at  least  48 
hours  after  its    completion. 

The  contractor  will  be  permitted  to  maintain  until  after  the  completion  of  the  main  work  any 
shafts  sunk  from  the  surface  of  the  street  to  the  tunnel.  The  work  being  completed,  man-holes  of 
brick  masonry  having  an  interior  diameter  of  3  feet  and  a  thickness  of  wall  of  at  least  8  inches,  the 
brick-work  being  laid  substantially  as  indicated  for  other  parts  of  the  work,  shall  be  securely  and 
properly  connected  with  the  arch  of  the  sewer  as  indicated,  and  shall  be  carried  to  within  two  feet  of 
the  surface  of  the  street  ;  from  this  point  such  man-holes  will  be  gradually  narrowed  to  the  diameter 
required  to  receive  the  prescribed  manhole  head  and  cover. 


INTERCEPTION   OF   EXISTIXO   SEWERS. 

The  interception  of  existing  sewers  indicated  in  the  list  of  division  of  the  work  into  sections  shall 
be  carried  on,  so  far  as  excavation  and  construction  arc  concerned,  in  precise  conformity  to  the  re- 
quirements of  the  specifications  for  the  construction  of  tlic  main  sewer,  with  the  differences  of  size, 
number   of    rings    of   brick,  form    of    construction,  stone-work,  etc.,  as  indicated  by  the  drawings. 

Each  inlet  sewer  will  be  connected  with  the  Trunk  Sewer  by  cast-iron  pipes,  as  indicated  by  the 
drawings,  which   pipes   are  to  be   purchased    from  the   Board  of  Sewer  Commissioners. 

Man-holes  indicated  in  connection  with  the  interception-works  will  be  made  as  indicated  and  gene- 
rally as  required   for  all  man-holes  on   the  work. 
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In  the  drawings,  the  intercepted  sewers  are  shown  as  crossing  the  Trunk  Sewer  at  right  angles. 
They  will  be  constructed  on  such  angles  as  the  present  lines  of  such  sewers  make  necessary.  The  cen- 
tre point  of  the  iron  inlet-pipe  shall  coincide  vertically  with  the  axis  of  the  intercepted  sewer,  the  dis- 
tance between  this  point  and  the  intersection  with  the  a.xis  of  the  main  sewer  varying  according  to 
the  angle.  All  new  work  shall  be  made  to  conform  at  its  point  of  junction  with  the  size  and  form  of 
the   sewer  to  be   intercepted. 

The  distance  from  the  Trunk  Sewer  to  the  point  at  which  the  existing  sewer  is  to  be  intercepted 
is  shown  on  the  plans  of  the  work,  and  new  construction  to  this  point  is  included  in  the  interception- 
work  to  be  contracted  for. 

MATERIALS. 

All  brick,  cement,  and  iron  castings  required  for  the  work  were  bought  by  the  commissioners,  under 
careful   inspection,  and   by  them  sold    to   the  contractors. 


SPECIAL    FEATURES. 

The    construction    of    the    brick    sewer    in    three    independent    rings,    as   shown    in     Plate    XIX.,    had 
the  effect  of  securing  stability  and   tightness.     There  were  a  few  cases,  where  the  ground  passed  through 

was  especially  wet,  where  permission  was 
given  to  lay  the  second  ring  immediately  to 
support  the  first  or  exterior  one.  In  nearly 
all  cases  the  outer  ring  was  built  alone  as 
specified  and  was  so  supported  as  not  to 
change  its  position,  and  received  its  skin  of 
Portland  cement.  The  length  of  the  outer 
ring  required  to  be  built  in  advance  of  its 
successor  was  reduced  from  200  feet  to  50 
feet,  but  each  ring  must  stand  w  ithout  crack- 
ing at  least  twenty-four  hours  after  plastering 
before  receiving  the  next  one. 

This  method  of  constructing  the  work  in 
three  independent  rings  met  with  more  ob 
jection  from  the  contractors  tlian  any  other 
portion  of  the  specifications,  on  the  plea  that 
it  was  unusual  and  unprecedented,  but  reall)' 
because  it  was  more  costly.  They  could  have  made  more  money  if  they  could  have  thrown  the  brick- 
work together  in  the  usual  manner,  without  regard  to  accuracy  of  finish  save  for  the  inner  ring.  F"rom 
the  engineer's  point  of  view  it  was  eminently  satisfactory.  It  secured  great  stability  of  the  work,  a 
very  exact  adherence  to  lines,  and  by  reason  of  the  three  independent  skins  of  Portland  cement  a  con- 
dition of  imperviousness  that  could  not  have  been  secured  in  any  other  way.  In  fact,  there  was 
practically  no  leakage,  save  at  two  or  three  points  where  the  sewer  was  laid  in  very  wet  bottom,  and 
where  an  absolute  tightness  of  the  invert  could  not  be  secured.  At  the  final  inspection  the  total 
amount  <>{  leakage  from  a  superficial  interior  area  of  not  less  than  500,000  square  feet  made  a  stream 
less  than  6  inches  deep  over  an  invert  having  a  radius  of  4  feet -and  a  fall  of  only  13  inches  to  the  mile. 
The  construction  in  passing  the  water-works  (see  fig.  32)  had  been  the  subject  of  serious  discussion. 
The  second  commission  had  recommended  that  the  sewer  at  this  point  be  built  with  an  outer  jacket 
of    boiler-plate,   and   tiie   greatest    anxiety   was    displayed    not    only    by    the   water-works    commissioners 


Fig.  33       Buffalo   Trunk   Sewer.       Interception   of    Jersey   Street 
Sewer;    Storm-Overflow    passing   across    Man-hole. 
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but  by  the  people  generally  lest  the  sewage  flowing  between  the  canal  and  intake-shaft  should  escape 
and  contaminate  the  water-supply.  The  controversy  ended  in  the  approval  of  the  recommenda- 
tiun  to  build  the  sewer  in  a  thoroughly  compact  puddle-bank.  It  was  so  built.  Even  more  care 
was  given  here  than  in  other  parts  of  the  work,  and  the  result  was,  without  question,  an  absolutely 
tieht   conduit  for  a  sufficient  distance   above   and   below   the   intake-shaft. 
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Fig-  34- 


The  method  of  interception  is  shown  in  Plate  XX.,  which  is  a  somewhat  exaggerated  example 
of  the  principle  followed,  the  depth  of  the  Trunk  Sewer  below  the  surface  and  below  the  intercepted 
sewer   being   much   greater  than  usual. 

In  two  cases,  indeed,  there  was  so  little  head-room  available  that  it  was  necessary  to  carry  the  over- 
flow of  the  intercepted  sewer  across  the  Trunk  Sewer  with  iron  pipes,  as  shown   for  Carolina  Street  below. 

Some  of  the  sewers  to  be  intercepted  have  a  rapid  fall  and  receive  copious  inflows  of  storm-water 
quite  near  to  the  point  of  interception,  so  that  there  would  doubtless  be  at  times  a  very  large  amount 
of  air  involved    in   the    flow.     In  order  to  a\'ail   of  the  full   capacity  of   the  Trunk  Sewer,  it   seemed    desira- 
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Fig.  35.      Buffalo  Trunk  Sewer.      Interception  of   Dry-Weatlner  Flow  of  Michigan  Street  Sewer 


Fig.  36.     Buffalo  Trunk  Sewer.     Interception  of  Court  Street  Sewer,  nearly  Parallel  with  the  Main  ;  Storm  Sewer  Carried 

Over  by  Two  Twenty-Four-Inch  Iron  Pipes. 


Fig-   37' 


Plate  XX. 


BUFFALO  TRUNK  SEWER. 

♦ 

INTERCEPTION  OF  JERSEY  STREET  SEWER. 
883. 


SECTION    C   C. 


SECTION   P  \B. 


THE  BUFFALO    TRUXK  SEWF.R. 


199 


ble  to  exclude  as  much  as  possible  of  this  air.  Wherever  the  elevation  was  sufficient,  the  incoming 
stream  was  carried  over  a  curved  breast  much  flatter  than  the  inx'crt  of  the  tributary  sewer  and  delivered 
at  the  head  of  a  vertical  shaft,  at  the  bottom  of  which  was  an  iron  slant  leading  into  the  Trunk  Sewer, 
with   its   axis  at  one-quarter  of    the  height  of  the   same,  its  flow  entering  the  current  at    an   angle  of  45 


HAMBURG  STREET 


BUFFALO  TRUNK  SEWER. 

^ 

CONNECTION  OF  FLUSHING  INLETS  WITH   MAIN  SEWER, 

1*882. 

Fig.  38.  Showing  the  Head  of  the  Eight-Foot  Sewer  at  Hamburg  Street.  The  Four-Foot  Sewer  is  Expanded  to  the 
Form  of  the  Inlet-Chamber  of  the  Hamburg  Canal  Connection,  which  Leads  to  the  Trunk  Sewer  through 
three  Arched    Openings. 

degrees.  This  twenty-four-inch  slant  suffices  for  the  introduction,  in  every  case,  of  the  water  of  ordinary 
storms.  At  times  when  it  is  inadequate  for  the  full  duty  the  surplus  flows  on  over  the  Trunk  Sewer, 
crossing  an  opening  into  a  three-foot  man-hole;  should  the  sewer  be  alread}-  overcharged,  so  that  the  flow 
cannot  all  enter  here,  the  excess  passes  on  through  the  continuation  of  the  sewer  to  its  original  point 
of  outlet  at  the  side  of  the   Erie  Canal. 


ARRANGEMENT  OF  HAMBURGH  STREET  FLUSHING  INLET. 

Fig   39- 


FROM  JUNCTION  CHAMBER  TO  TRUNK  SEWER. 


The  accompanying  cuts  show  the  different  forms  of  interception  on  a  smaller  scale.  F"ig.  33  (page 
196)  shows  the  form  illustrated  and  described  in  detail  above.  Fig.  34  (page  197)  is  the -crossing  at 
Carolina  Street,  and  the  storm-water  overflow  of  the  sewer  intercepted  at  a  higher  point,  h  ig.  35  shows 
the  delivery  into  the  Trunk  Scwc-r  of  so  much  of  tlie  flow  nf  the  largi'r  Michigan  Street  sewer  as  a 
twent)--four-inch  pipe  will  carr_\'  (tlu-  water  of  mnderatc  rains).  The  Michigan  Street  sewer  lies  at  the 
elevation   of    about   30  feet   abi>ve  the   Trunk   Sewer.      Fig.    36   shows   the    interception   at  Court   Street. 
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The  flushing-inlets  at  Wilkeson  slip  and  at  Chicago  Street  enter  the  Trunk  Sewer  by  carefully 
made  junctions  of  cut  stone  as  shown   in   Fig.  37  (page    198). 

The  head  of  the  eight-foot  sewer  at  Hamburg  Street  is  shown  in  Fig.  38  (page  199).  The  four-foot 
sewer  from  the  Mill-Race  is  funnelled  out  to  a  four-foot  radius,  and  the  invert  is  flattened  on  the  side 
toward  the  inlet ;  the  inlet-sewer  delivers  into  a  basin  which  is  connected  with  the  Trunk  Sewer  by 
three  flat-arched  channels  entering  at  an  angle  in  the  direction  of  the  flow.  The  relative  elevations  in 
this  work  are  shown  in  F"ig.  39  (page  199).  The  water  level  shown  is  the  normal  level  of  the  Hamburg 
Canal.  The  mouth  of  the  Mill-Race  sewer  is  a  large  stone  arch  under  Hamburg  Street.  The  gate- 
chamber  was  set  at  a  distance  of  twelve  feet  from  the  north  wall  of  this.  In  order  to  secure  through 
the  Hamburg  inlet-sewer  the  full  area  of  the  section  of  the  flow  between  the  arch  and  the  gate-cham- 
ber, without  building  the  inlet-sewer  unnecessarily  large,  this  was  lowered  so  that  its  entire  diameter 
—  7.25  feet  — should  be  below  normal  water  level.  The  bottom  of  the  junction  chamber  at  Swan 
Street,  where  the  three  arched  conduits  lead  to  the  Trunk  Sewer,  is  the  level  of  the  invert  of  the 
inlet  sewer.     This  is  4.25   below  the  invert  of  the  Trunk  Sewer. 

It  has  been  suggested  that  so  much  of  this  inlet  as  lies  below  the  level  of  the  Trunk  Sewer  will 
become  filled  with  deposit,  owing  to  the  stagnation  of  the  water  below  the  "dead-water"  line.  This 
is  an  error.  Water  flows  in  mass,  not  in  layers.  A  body  of  water  having  a  point  of  discharge 
above  the  level  of  its  bottom  moves  in  mass  toward  that  point,  a  little,  but  not  much,  more 
slowly  at  the  bottom  than  at  the  top.  Eel-grass  growing  at  the  bottom  of  a  deep  mill-pond, 
from  which  the  water  is  escaping  at  comparatively  slight  depth  over  the  top  of  the  dam,  is,  by  the 
bottom  current,  swept  toward  the  dam.  Where  the  bottom  is  bare,  if  the  flow  through  the  pond  is 
considerable  it  is  generally  sandy,  clay  and  lighter  silt  being  removed  by  the  current.  If  we  stir  the 
ground  at   the   bottom  of   such   a   pond   the   particles    that  we   loosen   flow   forward   toward    the    dam. 

The  cause  of  these  effects  is  operative  in  the  Hamburg  Street  inlet.  The  flow  at  the  bottom  is 
less  than  at  the  top,  but  not  materially  less.  There  is  no  deposit  of  moment  in  this  inlet  after  eleven 
months'    work. 

It  was  desired   to  carry  the  level  of   the  Hamburg  Canal  water  to  the  side  of   the  Trunk  Sewer,  with, 
the  least   possible    loss   of   head    from   friction,   without    making   the  conduit   inordinately   large. 

Had  it  been  laid  at  the  level  of  the  sewer  it  would  have  run  less  than  half-full,  with  nearly  as 
much  frictional  resistance,  at  the  same  velocity,  as  though  running  full.  By  lowering  the  conduit 
and  filling  it  full  the  capacity  of  the  channel  was  increased,  the  relative  friction  was  reduced,  and  the 
best  effect  was  secured. 

Had  the  inlet-sewer  been  laid  so  high  that  its  bottom  would  be  on  the  same  level  with  the 
bottom  of  the  Trunk  Sewer,  the  cross-section  of  its  current  would  have  been  only  16  1 1  square  feet. 
Being  entirely  submerged,  as  it   is,  the  cross  section   of   its   current    is  41.28   square    feet. 

The  theoretical  resistance  by  friction  being  1.59  in  the  case  of  the  high  sewer,  it  would  be  only 
1. 8 1    in   the   case  of   the  low   sewer,    though   carrying  two  and    one-half  times   as   much   flow. 

Plate  XXI  shows  the  construction  and  arrangement  of  the  sewer  connecting  the  Mill-Race  arch 
with   the   chamber,    and   the   placing  of   the   gates. 

Fig.  40  shows  the  details  of  the  gates  themselves.  The  foot-bearings  of  the  posts  and  the  cap- 
bands    are  all  of    gun-metal.* 

The  construction  of  the  gates  at  the  Chicago  Street  and  Wilkeson  slip  inlet  is  tlie  same  in  detail, 
but  in  these  cases  the  two  leaves  close  against  each  other,  after  the  manner  of  canal  lock  gates,  and 
not   against   a   central   pier. 

The   operation    of    this    sewer     has    been     in     all     respects    satisfactory.       One    important    incidental 

♦The  details  for  these  gates  were  made  up  from  drawing's  furnished  by  the  office  of  the  Walerstaat  at  the  Hague,  Holland, 
which  are  reproduced  in  Fig.  41  (page  202). 
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effect  of  its  working,  the  purification  of  the  Hamburg  Canal,  has  not  been  accompHshed  with  regu- 
larity, largely  because  the  gratings  in  front  of  the  inlets  are  allowed  to  become  obstructed  from 
neglect  and  even  more  largel}'  b)'  the  character  and  condition  of  the  storm-flow  of  the  Mill-Race  sewer, 
which,  during  the  heavier  rains,  is  a  river  pouring  into  the  head  of  the  Hamburg  Canal  with  a  volume 
verj-   far  beyond  the  intercepting  capacity   of   the  Trunk  Sewer. 

Concerning  this  part    of  the   subject,  I  give  here  a   statement   made   to  the   people  of   Buffalo   in  the 
autumn  of  1886: 

THE   WORKING    OF    THE    SEWER. 

The  volume  of  dry-weather  flow   passing    through    the  sewer  is   materially  affected    by    the    hejyht 
of  the  canal,   which   changes   according   to    the  direction    and    force  of  the  wind. 
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DETAILS  OF   INLET  GATES. 

(JJcprodwccfZ  ^rom  Dutch  Drawings.) 
Fig.   41. 


On  Friday,  October  8,  1886,  the  weather  had  been  fair  for  some  time;  the  wind  had  been  light, 
and  was  then  very  light.  At  that  time,  in  company  with  Mr.  Guthrie,  of  the  city  engineer's  office, 
I  made  an  examination  of  the  inlets  and  of  the  sewer  in  Swan  Street.  The  level  of  the  lake  ^\■as 
2.29  below  city  datum — somewhat  lower  than  the  level  assumed  in  constructing  the  sewer.  Water 
was  flowing  toward  the  sewer  at  the  Chicago  Street  inlet  and  at  the  Hamburg  Street  inlet.  The 
current  was  stronger  at  Chicago  .Street  than  at  Hamburg  .Street,  but  it  was  strong  there.  The  depth 
of  the  stream  in  the  Chicago  Street  inlet  was  3.5  feet.  The  Chicago  Street  inlet  was  free  from 
deposit,  as  tested   by  sounding  with   a  light  rod   at    man-holes. 

In   the   Hamburg  Street    inlet   there  was  a  very  light    deposit   eighteen    inches    deep.       This  was  so 
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light  that  a  steel  rod  five  feet  long  and  one-half  inch  in  diameter,  lowered  by  a  string,  sank  slowly 
through  the  deposit  and  struck  the  bottom  of  the  sewer.  At  the  point  sounded  in  Swan  Street  there 
was  no  deposit  whatever  save  about  one  inch  of  grit  that  had  fallen  through  the  openings  of  the 
man-hole. 

The  wind  remained  very  light  during  the  whole  of  the  next  twenty-four  hours.  On  the  afternoon 
of  Saturday  (the  9th)  Mr.  Record  tested  the  flow  and  the  volume  of  water  in  the  sewer  at  the  water- 
works.    He   reports  as   follows: 

Depth  of  water,  3.22  feet. 

Mean  velocity,   142  feet  per  minute  (2.37    feet  per  second). 
Area  of  cross-section  of  current,  23.63  square  feet. 
Discharge  per  minute,  3,555   cubic  feet  (26,591   gallons). 
Discharge  per  twenty-four  hours,  36,233,280  gallons. 

A  comparison  of  these  figures  with  those  given  in  the  earlier  parts  of  this  paper  will  show  that 
the  sewer  is  carrying  a  deeper  stream,  flowing  at   a  greater  velocity,  than  there  proposed. 

During  periods  of  high  water,  under  the  influence  of  strong  westerly  winds,  the  volume  and  velo- 
city are  largely  increased. 

The  interception  of  the  dr}--weather  flow  of  every  sewer  from  the  Mill-Race  to  Albany  Street  (inclu- 
sive) is  complete,  save  that  the  Washington  Street  sewer,  a  short  one,  still  flows  into  the  Hamburg 
Canal,  and  the  Erie  Street  sewer,  which  has  a  very  short  length  above  the  line  of  the  Trunk  Sewer, 
flows  into  Erie  Canal  The  latter  is  of  no  moment.  The  former  will  be  intercepted  with  the  other 
sewers  between   Swan  Street  and  the    Hamburg  Canal. 

It  will  thus  be  seen  that  the  Trunk  Sewer  is  doing  all  that  it  was  originally  proposed  to  do.  Two 
sources  of  complaint,  however,  exist.  The  first  relates  to  foul  odors  escaping  through  the  perforated 
man-hole  covers  along  Swan  Street.  It  was  a  mistake  to  use  perforated  covers  here.  Solid  covers  will 
be  substituted  for  them.  The  odors  complained  of  are  due  mainly  to  the  foul  character  of  the  flow 
of  the  Mill-Race  sewer,  which  drains  the  stock-yards,  slaughter-houses,  and  other  foul  establishments 
in  East  Buffalo.  It  is  in  no  sense  what  is  generally  understood  as  "  sewer-gas,"  and,  though  disagree- 
able, it  is  not  probabl)'  especially  dangerous.  There  is  no  objection  to  confining  it  in  tlie  sewer. 
There  is  no  possible  chance  for  the  atmosphere  of  the  Trunk  Sewer  in  Swan  Street  to  find  its  way  into 
houses  along  its  line,  nor  along  the  line  of  sewers  intercepted  by  it.  The  houses  in  Swan  Street  have 
their  own  independent  sewers,  and  these,  as  well  as  the  Spring  Street  and  Michigan  Street  sewers,  are 
protected  against  the  return  of  air  from  the  Trunk  Sewer.  This  relates  to  the  sewer  from  Hamburg 
Street  to  the  Terrace.  Belo\v  there  no  complaint  is  made,  and,  as  the  atmosphere  of  the  sewer  is  in 
free  communication  with  the  intercepted  sewers  leading  to  the  canal,  there  is  on  reason  why  solid 
covers  may  not  be  used  over  tlie  man-holes  here,  if  desired. 
The   other   source  of   complaint    is 


THE    CONDITION   OF   THE    HAMBURG   CANAL. 

The  water  of  this  canal  is  underlaid  by  foul  recent  deposits  of  organic  refuse  in  an  active  state 
of  decomposition.  Its  surface  for  its  entire  length  is  spotted  with  bubbles  of  the  escaping  gas. 
The  accumulation  of  gases  produced  witliin  tlic  mass  at  tiir  bottom  of  the  canal  frequently  throws 
up  great  volumes  of  putrid  filth.  This  was  the  condition  of  the  canal  before  the  work  was  under- 
taken,  and,    althougli    greatly    modified,    it    is    not    _\et    entire])-    removed. 

The    capacity    of   the    Trunk    Sewer    to  purify    the    canal    was    amply    demonstrated  when   the   gates 
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were  first  opened  last  year.  On  the  fifteenth  of  November  the  canal  was  probably  as  foul  as  it 
ever  was.  The  first  gate,  one  of  the  two  at  the  Hamburg  Street  inlet,  was  opened  at  3  P.M.  on  that 
day;  the  other  was  opened  early  on  the  sixteenth.  The  Chicago  Street  gates  were  both  opened  on 
the  seventeenth.  On  the  evening  of  the  fifteenth  Mr.  Gorham,  one  of  the  sewer  commissioners, 
said  to  a  reporter  of  the  Courier:  "The  effect  upon  the  canal  was  at  once  perceptible.  The  current 
from  the  canal  into  the  inlet  is  very  rapid,  and  in  the  space  of  an  hour  the  upper  end  of  the  canal 
was   clear    of    large    portions    of   the    scum    lying    upon    its    surface." 

On  the  seventeenth  the  canal  was  full  of  lake  water — that  is,  lake  water  free  from  the  floating 
matters  and  from  the  discolorations  so  perceptible  on  the  fifteenth,  extended  all  the  way  to  Hamburg 
Street. 

This  condition  was  maintained  throughout  the  eighteenth.  Naturally,  all  interested  in  the  sewer 
were  much  elated,  and  assumed  that  the  very  difficult  problem  had  been  solved  for  good  and  all. 
I  am  conscious  of  having,  under  the  influence  of  this  feeling  used  expressions  as  to  the  purification 
of  the  canal  which  were  afterwards  found  not  to  be  warranted.  That  night  the  wind  blew  strongly 
from  the  northeast,  lowering  the  water  of  the  lake,  and  a  heavy  rain  fell.  The  Mill-Race  sewer,  which 
had  been  a  quiet  dry-weather  rivulet  for  some  time  before,  now  became  a  torrent,  bringing  with  it  a 
mass  of  stock-yard  manure,  hog  car  slush,  slaughter-house  offal,  tannery  waste,  and  all  manner  of  foul 
rubbish,  which  during  dry  weather  had  accumulated  over  a  large  part  of  its  stinking  water-shed. 
This  torrent,  rushing  past  the  mouth  of  the  Hamburg  inlet,  swept'  its  filthy  burden  into  the  canal, 
and,   in   addition,   stirred    up   and   carried   forward  the  considerable  deposits  already  formed  there. 

Realizing  the  gravity  of  this  condition,  I  addressed  the  Board  of  Sewer  Commissioners  on  the 
twenty-third  of  November,  advising  them  to  place  gates  at  the  head  of  the  canal  which  would  close 
when  the  Mill-Race  sewer  should  be  swollen  by  storm-water,  forcing  a  large  part  of  its  discharge  to 
find  an  outlet  through  the  Hamburg  inlet  and  the  Trunk  Sc\\er,  the  surplus  overflowing  over  the  tops 
of  the  gates  into  the  canal,  with  its  direct  force  broken  and  in  such  a  manner  as  not  materially  to 
stir  up  the  canal  deposits.      In  support  of  this  recommendation  I  said  : 

"  I  have  been  considering  the  conditions  existing  at  the  upper  end  of  the  Hamburg  Canal  on 
Thursday  last,  and  have  arrived  at  the  conclusion,  with  which  I  think  all  will  agree,  that  when  there 
is  a  heavy  or  long-continued  rain  concurrently  with  a  low  lake — and  rain  is  most  likely  to  come  with 
an  easterly  wind,  which  makes  a  low  lake— the  Mill-Race  sewer  will  discharge  more  water  than  the  four- 
foot  sewer  and  the  Hamburg  inlet  can  receive  at  a  low  stage  of  water.  Whenever  these  conditions  con- 
cur, the  state  of  affairs  that  existed  last  Thursday  is  likely  to  return ;  that  is  to  say,  so  strong  a 
stream  will  be  thrown  into  the  canal  as  to  stir  up  its  deposits  and  reverse  its  current  so  as  to  foul  it 
for  its  whole  length.  This  would  not  be  very  serious  if  this  were  all,  because  the  deposits  will  pro- 
bably disappear  before  very  long. 

"  But  the  Mill  Race  sewer  itself  is  a  very  foul  sewer.  It  is  foul  at  all  times  and  especially  so 
during  rains  that  are  heavy  enough  to  wash  the  filth  of  the  cattle-yards  into  the  stream.  There- 
fore, even  after  the  canal  shall  have  become  clean  by  natural  processes  every  rain  will  bring  into  it 
enough  filth  from  this  source  to  go  far  toward  fouling  it  again.  The  chances  of  difificulty  on  this 
score  are  sufficient  to  make  it  seem   necessary  to  adopt  some  means  of  relief." 

These  gates  have  not  yet  been  constructed,  but  a  continued  observation  of  the  effect  of  floods  in 
the   Mill-Race  sewer  has  only  emphasized   the  need   for  them. 

The  amount  of  foul  sewage  flowing  into  the  canal  from  the  south  is  very  large,  and  the  best  con- 
dition of  the  canal-water  can  never  be  attained  until  the  original  suggestion  of  the  commissioners,  to 
carry  this  sewage  across  the  canal  into  the  flushing-inlets  of  the  Trunk  Sewer,  shall  have  been  carriid 
out. 

However,  in   spite  of  this  south-side  sewage,  and  of    the  frequent  very  serious  additions  to    the  de- 
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posits  due  to  storm-floods   in  the  Mill-Race  sewer,  the   condition    of    the    canal    is    very  much   better  than 
it  was  before  the  flushing-gates  were  opened.     For  example  : 

1.  The  canal  was  frozen  over  last  winter  for  the  first  time  in  many  years. 

2.  Canal-water  is  used  for  the  condensers  of  the  Grape-sugar  Works  near  Chicago  Street.  Until 
the  flushing-gates  were  opened  it  was  necessary  to  stop  the  works  several  times  during  the  day  in 
order  to  cleanse  the  condensers  of  the  accumulated  scum.  Since  the  flushing-gates  were  opened,  now 
nearly  eleven  months,  they  have  run  continuously  without  the  need  for  cleansing. 


THE   MEANS   OF   RELIEF. 

I  believe  that  three  things  are  necessary  to  the  complete  purification  of  the  Hamburg  Canal, 
viz.: 

1.  The  interception  (for  which  plans  have  been  prepared)  of  the  sewers  between  Swan  Street  and 
the   Hamburg  Canal. 

2.  The  delivery  into  the  Trunk  Sewer  of  all  the  foul  sewage — domestic  or  manufacturing — now 
entering  the  canal  directl}^  or  indirectly   from  the   south. 

3.  The  construction  of  the  proposed  gates  at  the  head  of  the  Hamburg  Canal  to  divert  the  storm- 
flow  of  the  Mill-Race  sewer  to  the   Hamburg   inlet. 

These  three  things  being  done  — and  the  third  is  now  in  contemplation — the  processes  which  have 
so  much    improved  the  condition   of  the   Hamburg  Canal   will   soon  secure    its   entire  purification. 

It  will  not  be  necessary  to  dredge  out  the  present  foul  deposits  in  the  canal  ;  they  will  soon  be 
destroyed  by  decomposition.     All  that   is  needed   is  to  stop  adding  to  them,  as  at   present. 

The  man-holes  of  this  sewer  are  freely  perforated.  This,  as  it  turns  out,  was  a  decided  mistake. 
There  is  no  probabilit}',  indeed  there  is  hardh-  a  possibilit)',  of  the  formation  of  "sewer-gas"  in  the 
rapid,  diluted  current  constr.ntly  passing  through  the  sewer  with  verj'  little  variation  of  level,  but  the 
foul  off-scourings  of  the  stock-yard  district  brought  in  b}'  the  Mill-Race  sewer  have  an  exceedingly  offen- 
sive odor.  The  Trunk  Sewer  itself  is  nowhere  connected  with  a  house-drain.  It  serves  only  as  the 
outlet  for  local  sewers,  all  of  which  are,  or  ma)-  be,  properly  ventilated.  Its  construction  through  Swan 
Street  was  accompanied  b\'  the  construction  of  subsidiar}-  sewers  at  the  sides  of  the  street  to  receive 
the  flow  of  the  gutters  and  drainage  of  the  houses  ;  but  these  side  sewers  are  thoroughly  trapped  at 
their  connection  with  the  Trunk  Sewer,  and   there  is  no  possibility  of  its  exhalations  reaching  them. 

The  result  of  this  mistake  as  to  the  man-hole  covers  is  likely  to  prove  interesting,  for  the  ingenuity 
of  local  inventors  and  the  wisdom  of  the  City  Council  are  now  being  exercised  in  the  direction  of  an 
artificial  ventilation  of  the  Trunk  Sewer.  It  is  not  uiilikLl\-  that  we  ma\'  see  experiments  on  a  large 
and  costly  scale  which  will  repeat  in  our  own  country  the  lessons  of  failure  which  have  already  been 
learned  in   Europe. 


CHAPTER    XXIII. 

SURFACE  AND  STORM   WATER  DRAINAGE  AT  DAYTON. 

*^  'HE  cit)-  of  Dayton,  Oliio,  is  built  on  a  low-lying  and  somewhat  undulating  plain  in  the  bend  of 
\^^  the  Great  Miami  River.  In  the  immediate  vicinity  are  higher  lands,  with  steep  acclivities  drain- 
ing to  the  plain.  The  river  is  subject  to  excessive  freshets  which,  but  for  the  protecting  levee,  would 
flood  portions  of  the  occupied  area.  The  southeastern  part  of  the  city  lies  in  the  course  of  the  drainage 
val'ey  of  a  large  gathering-ground,  much  of  which  pitches  steeply  to  ravines  and  minor  water  courses. 
All  heavy  storms  tend  to  swell  these  streams  beyond  the  capacit)-  of  their  channels,  and  very  heavy 
storms  flood  portions  of  the  city.  In  one  instance,  with  a  rainfall  of  4)^  inches  in  two  and  one  quarter 
hours,  several  streets  were  converted  into  rapid  water-courses,  the  water  rising  considerably  above  the 
established  water-table  of  the  buildings.     Much  damage  to  public  and  private  property  was   done. 

The  means  for  alleviating  this  condition  have  been  actively  discussed  by  the  city  authorities  for 
more  than  thirty  years.  In  1868  a  stone  culvert  was  built  to  relieve  a  portion  of  the  area.  In  1875 
the  city  engineer  recommended  the  construction  of  a  sewer  of  stone  masonry  20  feet  wide  in  the  clear, 
with  3-feet  side  walls,  an  arch  with  a  rise  of  5  feet  and  a  radius  of  12)^  feet,  and  with  an  inverted  arch 
at  the  bottom  with  a  versed  sine  of  i  foot  and  a  radius  of  50^  feet,  "  to  be  paved  with  boulder  or  lime 
stone  8  inches  thick."  The  total  height  of  the  sewer  would  thus  be  9  feet  in  the  clear  at  its  centre 
line. 

This  plan  was  not  carried  out,  and  various  alternative  proposals  have  since  been  made,  all  of  them 
somewhat  imperfect  and  unreliable  because  of  the  absence  of  anything  like  accurate  engineering  data 
on  wljich  to  base  an  estimate  of  the  requirements  of  the  situation.  I  was  consulted  in  this  case 
in    1886. 

As  there  existed  no  data,  and  as  the  disposition  of  the  authorities  seemed  to  point  toward  tenta- 
tive experimental  work,  I  suggested  a  circular  sewer,  6  feet  in  diameter,  laid  on  a  grade  of  i  to  300, 
and  above  this  a  depressed  swale  or  surface  channel,  brought  into  communication  with  the  sewer  by 
frequent  man  holes,  so  that  in  the  case  of  extreme  floods,  be)'ond  the  capacity  of  the  sewer,  the  excess 
of  the  flow  would  be  carried  b)-  the  swale,  incidentally  increasing  the  capacity  of  the  sewer  by  the 
greater   fall  due   to   the    increased  head  (acting  through  the  man-holes)  thus  to  be  obtained. 

This  suggestion  will  be  understood  by  reference  to  Fig.  42,  and  it  is  set  forth  more  in  detail  in 
the  following  extracts  from   my  final  report   to  the  City  Council : 

I  take  the  liberty  of  saying  at  the  outset  that  no  professional  opinion  on  this  subject,  nor  on  any 
other  of  your  drainage  problems  to  which  my  attention  was  called,  can  ha\'e  real  value  until  some 
positive  data  are  supi)licd.  .So  far  as  I  could  learn,  )-ou  have  no  established  set  of  levels,  no  survey 
of  your  drainage  areas,  nor  any  of  the  detailed  information  which  is  absolutely  necessary  to  economical 
work. 

All  that  has  been  done  hitherto  h.as  been  guess-work,  and  the  fnllowing  remarks  have  no  more 
secure  basis  than  the  probabilities  of  the  case,  as  the)-  appear  to  one  who  has  had  experience  in  deal- 
ing with  such  questions.  I  think  that  I  have  considered  the  case  thoroughly  and  in  all  its  aspects, 
and   have   made  due  allowance    for    the    many  uncertainties  affecting   the  flow   of  water  over  a  large  but 


SURFACE  AND   STORM    WATER  DRAINAGE  AT  DAYTON. 


20; 


(N 


bfl 


0£-C, 


P.OS  SEWERAGE   AXD   LAND  DRAIN  AGE. 

unmeasured,  irregular  surface  having  a  considerable  proportion  of  steep  but  unmeasured  declivities. 
An  opinion  so  based  is  useful  as  a  matter  of  comparison.  It  would,  in  my  judgment,  be  unwise  to 
carry  out  the  suggestions  herein  made  without  first  obtaining  positive  information  as  to  all  conditions 
which  can  be  actually  determined.  Even  after  such  information  shall  have  been  obtained,  there  will 
necessarily  be  a  wide  field  for  the  use  of  careful  judgment.  The  effect  of  sudden  showers  falling  on 
the  area,  but  falling  more  heavily  on  one  part  than  on  another ;  the  effect  of  long-continued,  heavy 
rains  still  falling  near  the  sewer  when  the  flow  from  remoter  land  reaches  it  ;  the  character  of  the  land 
as  to  use,  drj-ness,  or  impermeability  from  frost  — all  these  will  be  left  for  consideration  after  accurate 
knowledge  shall  have  been  obtained  as  to  the  physical  conformation  of  the  ground,  and  these  as  well 
as  the  conformation  of  the  ground  must  be  taken  into  consideration  in  determining  what  proportion  of 
your  heavier  storms  can  judiciously   bj  provided   for  by  the  proposed  works. 

It  would  be  unwise  to  build  a  sewer  of  a  certain  size  only  to  find  after  it  was  done  that,  in  order 
to  remove  the  flow  of  such  storms  as  it  was  intended  to  provide  for,  it  ought  to  have  been  made  a  little 
larger.  It  would  be  extremely  wasteful  to  make  the  works  so  large  and  costly  as  to  provide  for  storms 
occurring  very  rarely.  Thcefore,  if  you  will  allow  the  suggestion,  }'our  first  expenditure  in  this  direc 
tion  should  be  in  obtaining  accurate  topographical  knowledge  of  the  area  to  be  drained.  It  would 
certainly  be  a  profitable  investment  of  a  small  sum  to  secure  this  topographical  knowledge  concern- 
ing the  whole  area  of  the  city. 

Concerning  the  work  immediately  under  consideration,  it  will  be  admitted  by  all  that  there  is  a 
point  beyond  which  the  city  cannot  afford  to  go.  It  will  not  pay,  in  order  to  avoid  damages  averaging 
$5,000  a  year,  to  increase  the  cost  of  the  work  b\'  more  than  $100,000.  It  will  not  pay  to  make  the  work 
so  large  now  as  to  provide  for  all  the  water  that  will  be  delivered,  say,  fifty  years  hence,  when  the  whole 
watershed  shall  be  paved  and  built  over,  because  the  interest  on  the  e.xtra  cost  of  the  work  during 
these  fifty  years  would  amount  to  a  great  deal  more  than  the  cost  of  constructing  entirely  new  works 
at  that  time.  In  my  judgment  the  most  that  you  can  wisely  do  now  is  to  provide  for  the  water  of 
all  but  exceptional  and  exceptionally  heavy  floods,  leaving  what  is  beyond  that  to  take  care  of  itself 
as  best  it  may,  providing  so  far  as  possible  for  such  a  distribution  of  the  flood  as  shall  prevent  undue 
injur}'  in  certain  cases. 

In  the  history  of  the  consideration  of  this  project  that  has  recently  been  published  I  find  the 
following  opinion  expressed  by  the  city  engineer  : 

"A  rain-storm  of  one-inch  rainfall  in  an  hour  has  been  adopted  b}'  me  as  tlie  maximum  of  rain 
to  be  provided  for.  From  good  information,  I  learn  that  this  occurs  very  rarely,  and  I  find  from 
the  best  authority  on  the  subject  that  of  the  rain  falling  during  a  heavy  storm  of  one  hour  not  more 
than  one-third  of  its  amount  finds  its  way  to  the  sewers  within  the  same  hour.  Its  flow  from  the 
surface  of  the  streets  necessarily  consumes  a  certain  amount  of  time,  so  that  the  water  will  always 
be  found  running  in  the  streets  for  a  certain  time  after  the  rain  has  ceased.  I  therefore  assume  one- 
third    of    an    inch    of    rainfall    per    hour    to    be    conveyed." 

I  think  this  is  as  much  as  it  would  now  be  prudent  to  provide  for,  especially  as  it  seems  unlikely 
that  so  large  a  proportion  as  one-third  of  the  rainfall  over  so  large  a  district  would  reach  the  sewer 
within  the  hour.  Mr.  Snyder  assumes  on  the  above  basis  that  provision  is  to  be  made  for  the 
conveyance  of  3,097,600  cubic  feet  of  water  in  one  hour.  He  gives  the  capacity  of  the  sewer  recom- 
mended by   him   as  3,494,940  cubic    feet    per  hour. 

Some  light  is  thrown  upon  the  adequacy  of  the  above  estimate  (3,494,940  cubic  feet  per  hour) 
by  a  consideration  of  the  effects  of  the  recent  unprecedented  flood,  due  to  a  rainfall  gauged  as  amount- 
ing to  four  and  one-half  inches  in  two  and  one-quarter  hours,  falling  after  a  long-continued,  heavy 
rain  had  saturated  the  ground.  This  storm  caused  a  serious  flooding  of  streets  and  much  damage  and 
inconvenience.  All  that  was  delivered  during  that  storm,  not  only  by  the  area  that  it  is  proposed  to 
drain  to  the  Park  Street  sewer  but  also  by  a  considerable  portion  of  the  city  draining  into  the  Seeleye 
ditch,  passed  off  through  the  lower  portion  of  this  ditch  and  through  the  culvert  under  the  canal 
connecting  it   witli   the  river. 

This  culvert  consists  of  three  water-ways  separated  by  vertical  walls,  each  of  them  being  four  feet 
wide  and  five  feet  high.  An  examination  of  tlie  adjacent  ground  indicates  the  extreme  water  level 
during  the  flood  as  being  about  four  and  one-half  feet  above  the  top  of  these  culverts.  It  is  impossi- 
ble to  determine  with    accuracy  how  much    the    flow    through    these  culverts  would    be  under  such    con- 
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ditions,  but  the  best  estimate  tliat  I  have  been  able  to  make  gives  something  less  than  3,000,000  cubic 
feet  per  hour.  As  all  of  the  water  from  this  heaviest  known  storm,  delivered  not  only  by  the  area  in 
question  but  by  a  considerable  a-djacent  area,  was  carried  by  this  culvert  under  a  head  which  caused 
no  injury  or  inconvenience,  and  obviously  did  not  amount  to  materially  more  than  3,000,000  cubic  feet 
per  hour,  it  seems  to  me  that  it  would  be  quite  safe  to  accept  this  volume  as  all  that  it  is  now  pru- 
dent to  provide  for.  In  the  distant  future,  when  greater  provision  shall  be  needed,  it  can  be  secured  by 
works  laid  on  other  lines  and  delivering  at  other  points,  leaving  what  is  now  to  be  constructed  undis- 
turbed and   in   full  efficiency. 

Assuming  the  amount  to  be  provided  for  and  the  capacity  of  the  proposed  sewer  to  be  as  given, 
it  remains  to  consider  whether  or  not  a  corresponding  capacit}-  can  be  provided  in  a  less  expensive  or 
in  a  better  way. 

I  am  not  competent  to  discuss  the  question  of  outlet.  The  question  whether  or  not  a  new  chan- 
nel under  the  canal  on  the  line  of  Apple  Street  should  be  constructed  is  one  that  is  to  be  decided, 
largely,  by  considerations  of  local  advantages,  not  alone  by  engineering  considerations.  The  flow  of 
the  sewer  to  be  provided  for  may,  in  ni)^  judgment,  be  safely  carried  by  the  proposed  channel,  or  by 
the  present  one. 

It  is  not  necessary  for  me  to  say  more  about  the  proposed  culvert  to  be  built  through  Park 
Street,  etc.,  than  that  its  duty  can  be  performed  by  works  of  a  different  character,  of  smaller  dimen- 
sions, and  of  less  cost.  It  may  perhaps  be  well  to  call  attention  to  the  very  sharp  changes  of 
direction  in  this  culvert,  two  of  them  right  angles  and  others  by  curves  of  very  short  radius.  If  the 
sewer  through  Park  Street  should  ever  run  to  its  full  capacity,  the  curve  at  the  lower  end  of  that 
street  would  be  entirely  inadequate  to  carry  the  flow.  If  the  work  were  strong  enough  to  withstand 
the   strain,  overflows  would   necessarily  occur  for  a  long  distance  back. 

It  seems  to  me  that  the  proposed  work  would  be  unduly  expensive ;  that  the  ordinarj^  flow 
would  not  be  able  to  remove  rubbish  that  \\ould  enter  the  sewer;  and  as  a  consequence  not  only 
would    its   capacit)'  be  lessened  but  its  atmosphere  would  be  objectionable. 

The  method  outlined  in  the  accompanying  plan  and  profile  is  not  offered  as  a  final  recommendation, 
a  solution  of  the  problem,  but  as  indicating  the  direction  of  the  recommendations  that  I  should  pro- 
bably make  had  I  the  necessary  engineering  data  before  me. 

The  theory  on  which  it  is  based  is  that  the  cheapest  and  easiest  way  to  convey  water,  under 
such  circumstances,  is  through  circular  conduits  of  smooth  interior,  with  the  least  possible  change  of 
direction,  and  with  the  least  possible  occasion  for  the  detention  of  gravel,  rubbish,  or  detritus  of  any 
form  in  its  course.  Furthermore,  all  affluents  of  such  a  channel  should  be  generall}'  of  the  same 
character,  and  should  enter  it  in  such  a  manner  as  to  cause  the  least  possible  disturbance  of  the 
current  and  the  least  possible  decrease  of  velocity 

The  alignment  of  the  sewer  and  its  affluents  covers  the  same  district  above  P'ord  Street  that  the 
old  alignment   does.      Below  that   point  it  follows  a  more  direct  course  to  Warren  Street. 

The  overflow-channel  relates  chiefly  to  that  part  of  the  main  line  running  from  Van  Cle\-e  Avenue 
to  Ford  Street.  The  question  of  outlet  may  affect  some\\hat  the  detail  of  the  work  below  Ford 
Street. 

I  find  by  the  profile  of  the  work  that  a  sewer  can  be  laid  on  a  regular  inclination  of  i  to  300  with 
ample  covering  in  all  cases  and  without  too  deep  cutting  in  any  case..  M}-  pro\-isionaI  suggestion  is 
that  there  be  laid  on  this  course  a  brick  sewer  six  feet  in  diameter,  built  of  the  best  material  and  with 
an    eight-inch    wall,    the    inside    being    smoothly    rendered    with    a    coating    of    pure    Portland    cement. 

This  sewer,  by  Kutter's  formula,  as  applicable  to  smoothly  plastered  conduits,  would  have  a 
capacity  of  1,185,098  cubic  feet  per  hour.  This  would  carry  the  water  of  pretty  ncarlj'  all  of  your 
storms.  It  would  have  so  much  greater  capacity  than  your  existing  open  ditches,  gutters,  and  stone 
culverts  have  that  it  would  seem  almost  worth  while  to  try  it  for  a  time  and  see  whether  or  not  it 
gave  relief  to  so  nearly  all  of  your  floods  as  to  make  it  for  the  ]M-esent  inexpedient  to  do  more.  The 
possibility  that  this  would  be  the  case  is  indicated  by  the  readiness  with  which  the  present  culvert 
under  the  canal  took  care  of  the  recent  enormous  flood. 

I  have  assumed,  h<)we\er,  that  more  will  be  needed,  ;iiul  I  UKiki:  the  suggestion  (not  now  the  re- 
commendation) that   means  be  afforded   for  the  removal   of  the  surplus  through   a  surface-channel. 

Beginning  at    Ford    Street,   and   running  to  Van  Cleve  Avenue  and  beyond,  the    city    owns    a    right 
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of  way,  intended  for  this  use  only,  wliich  is  nowhere  less  than  thirty  feet  wide.  The  profile  of  the 
line  is  such  that  very  little  change  of  elevation  would  be  necessary  to  convert  this  into  a  uniform 
water-way.  If  the  bottom  of  this  surface-channel  were  placed  at  the  level  of  the  dotted  line  on 
the  profile,  the  greatest  cutting  would  be  only  about  eight  feet.  Ordinarily  the  natural  surface  is 
about  what  would  be  needed  for  the  depth  of  the  channel,  the  bottom  elevation  of  which  is  shown 
by  the  dotted  line,  say  three  feet  below  the  average  present  grade. 

I  have  shown,  in  connection  with  the  profile,  a  cross-section  of  the  sewer,  a  man-hole  four  feet 
in  diameter  rising  from  it,  and  a  surface-channel  thirty  feet  wide  at  the  top  and  twenty  feet  wide  at 
the  bottom.  This  surface-channel  to  be  continuous  as  far  as  Ford  Street,  to  have  an  inclination 
above  Wa)-ne  Street  of  i  to  600,  and  below  Wayne  Street  of  i  to  400.  It  should  be  carefully  graded, 
well  sodded,  and  maintained  in  good  park-like  condition.  It  would  be  unobjectionable  to  the  district 
through  which  it  passes,  and,  if  made  wider  and  with  a  flatter  slope  to  its  sides  through  Park  Street, 
would  be  merely  a  swale-shaped  lawn  between   the  two  drive  ways. 

While  serving  all  of   the  purposes   of    an  open    grassed   place,  it    would,   in   time    of    flood,   afford    a 
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Fig.  43.      Details  of  Gutter-Crossing  Plates. 


most  useful  and  probably  sufficient  au.xiliary  to  the  sewer  beneath  it.  Its  capacity  above  Wayne 
Street  would  be  951,853  cubic  feet  per  hour;  below  Wayne  Street  its  capacity  would  be  1,182,784 
cubic  feet  per  hour. 

It  should  of  course  be  bridged  at  each  street  and  wherever  else  bridging  is  necessary  or  de- 
sirable. I  have  assumed  that  there  would  be  between  Ford  Street  and  Van  Cleve  Avenue  eight 
bridges.  Under  each  of  these  bridges  I  would  build  a  man-hole  four  feet  in  diameter  covered  with 
an  open  grating  at  the  level  of  the  grass  or  a  little  below.  These  would  serve  for  the  overflow  of 
the  sewer  or  to  receive   into   the  sewer  water  flowing  through   the   open  channel. 

In  time  of  heavy  flood,  when  the  capacity  of  the  whole  work  was  strained  to  its  utmost,  the 
capacity  of  the  sewer  would  be  measured  not  by  the  inclination  on  \\'hich  it  is  laid,  but  on  the  increased 
inclination  from  the  sewer,  say  at  Ford  Street,  to  the  top  of  the  water  in  the  ditch  over  any  man-hole. 
Supposing  both  sewer  and  ditch  to  be  full,  the  flow  of  the  sewer  below  the  man-hole  at  Wayne  Street, 
the  inclination  being  raised  fiom  i  to  300  to  i  to  116,  would  amount  to  1,914,348  feet  per  hour. 
By  the  same  ttjkcn  the  capacit}-  of  the  sewer  at  Van  Cleve  Avenue,  estimating  its  inch'nation  from  the 
water  in   the  ditch  at  that   point  to  Ford  Street,  would  be  increased  to   1,288,937  cubic  feet  per  hour. 

Therefore   during   the  time   of. flood   the  capacity  of  the   sewer  and   ditch    together   from   Van   CIcve 
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Avenue  down  would  be  2,240,790  cubic  feet  per  hour,  and  the  capacitj-  of  both  from  Wayne  Street 
down  would  be  3,197,131   cubic  feet    per  hour. 

I  am  inclined  to  think  that  a  five-foot  sewer,  with  eight-inch  walls  and  Portland  cement  lining, 
would  ordinarily  suffice  for  the  Van  Cleve  Avenue  line.  To  provide  for  excessive  floods,  the  road-way 
of  that  avenue  might  be  depressed,  made  lowest  in  the  middle,  have  curbs  at  least  one  foot  high,  and 
be  covered  with  block  pavement.  It  should  have  man-holes  at  frequent  intervals  to  serve  as  over- 
flows or  inlets,  as  in  the  case  of  the  grassed  gutter  above  described. 

There  would  be  a  great  advantage  in  following  the  line  for  connection  with  the  main  sewer  that 
I   have  indicated    in  the    plan  with  curves  of    large  radius,  as  shown  in  a  separate  sketch.     The  six-foot 
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sewer  may  stop  at  this  point.  It  should  receive  here  also  a  three-foot  sewer,  which  may  be  built  with  a 
single  ring,  four-inch  wall,  cement-lined,  following  the  course  indicated  to  the  crossing  of  the  railroad 
on   East  Newcome  Avenue. 


I  should  advise  the  completion  of  this  work  and  its  testing  by  actual  experience  during  heavy 
storms  before  undertaking  the  construction  of  the  open  carrier  over  the  line. 

The  plan,  as  laid  down  on  the  alignment  of  the  sewer,  shows  four  sharp  turns  between  Ford  Street 
and  Warren  Street.  By  following  the  alley  from  the  foot  of  Park  Street  and  condemning  a  right 
of  way  across  the  corners  of  the  blocks  these  angles  may  be  avoided.  Even  then  it  might  be  well 
to  increase  the  size  of  the  sewer  to  a  diameter  of  six  feet  six   inches  to  compensate  for  the  retardation 
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at  these  curves.     After   passing  the   lower  curve   there  would   be  no  serious   objection    to   reducing  again 
to    six  feet. 

The  data  in  my  possession  do  not  indicate  what  would  be  the  best  line  to  pursue  if  this  sewer 
is  to  discharge  through  the  Seeleye  dilch.  If  that  course  were  followed  it  might  suffice  for  a  long 
time  to   discharge  into  the   present   open  channel   on   the   lower  side  of   Warren    Street,  leaving  the   pres- 
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ent  valley  below  there  to  impound  excessive  floods,  if  these  exceed  the  capacity  of  the  present  culvert 
when  working  without  a  head.  At  some  future  time  it  maj-  be  well  to  carry  the  circular  sewer  under 
the  canal,  and  there  may  be  good  reasons  in  connection  with  this  possibility  for  following  the  line  of 
Apple  Street. 

If  the  six-foot   sewer  could    be   built   without   interfering   with   the    present    stone   culvert    from   Ford 
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Street  down,  this  might  serve  for  the  outlet  of  the  overflow  surface-diteh  whicli,  unless  a  broader 
right  of  way  should  be  condemned,  would  have  to  stop  at  Ford  Street.  It  has  not  seemed  worth 
while  at  this  time  to  go  into  a  detailed  consideration  of  the  manner  of  connecting  either  sewer  or 
overflow-channel  with  the  river,  the  object  of  this  report  being  rather  to  suggest  further  investigation 
and  study  on  this  line  than  to  prescribe  definite  processes,  and  also  to  show  in  a  general  way  what 
the  cost   of  the  suggested   improvement   would   probably  be. 


SURFACE-DRAINAGE. 

A  number  of  the  somewhat  higher-lying  portions  of  Dayton  are  provided  with  a  very  well-regu- 
lated system  of  surface-drainage,  consisting  of  cobble-paved  gutters  of  varj^ing  section  carefully  arranged 
according  to  the  area  to  be  accommodated,  with  street-crossings  having  iron  covers.  This  work  com- 
mends itself  to  the  approval  of  all  who  examine  it,  and  it  has  apparently  given  good  satisfaction  to  the 
community  for  many  years.  An  illustration  of  the  work  is  inserted  here  for  tlie  information  of  those 
who  may  be  charged  with  the  removal  of  surface-water,  in  whole  or  in   part,  through  street    gutters. 

The  arrangement  for  small  sections  of  a  town,  the  flood-'watcr  being  idlimately  removed  by 
local  surface-water  sewers,  might  be  regulated  on  the  same  principle  and  with  similar  details.  Save 
for  those  parts  of  the  city  that  are  subject  to  the  sudden  invasion  of  floods  from  the  surrounding 
uplands,  the  streets  of  Dayton  are  satisfactorily  drained,  so  far  as  the  local  rainfall  is  concerned,  by 
the  system  provided,  when  its  operation  is  not  interrupted  by  floods  in  the  river. 

Plate  XXII.  shows  the  alignment  of  the  gutter-flow  in  a  large  section  of  the  city  and  the 
arrangement  of  gutters  and  crossings.  Asphalt,  brick,  granite-block,  or  other  suitable  pavement  might 
with  advantage  be  substituted  for  cobble-stones,  such  modification  of  section  being  adopted  as  the 
more  or  less  rapid  flow,  according  to  the  smoothness  of  the  channel  adopted,  might  require.  Fig.  43 
(page  210)  shows  the  details  of  gutter-plates  used  at  crossings.  Fig.  44  (page  211)  shows  side-walk 
gutter-plates   of   various   sizes,  according  to  the  width  of  the  gutter. 

Plate  XXIII.  shows  the  arrangement  at  the  crossings  of  streets  with  plank  or  stone  covers.  Fig. 
45   shows  the  arrangement   when   iron  gutter-plates  are  used. 


CHAPTER  XXIV. 

THE  USE  OF  SEWERS  BY  THE  PEOPLE. 

*■  '^ULL  advantage  cannot  be  derived  from  the  construction  of  a  system  of  sewers  in  a  town  unless 
r^ — [  they  are  made  to  subserve  the  uses  of  the  entire  community.  Sewers  are  to  be  regarded  not 
only  as  a  luxury  for  the  use  of  those  who  desire  to  get  rid  of  the  large  amount  of  water  available  from 
the  public  supply,  and  used  in  various  ways  in  their  houses,  but  also  as  a  means  by  which  the  safety 
of  the  whole  community  may  be  secured,  by  banishing  from  the  inhabited  area  all  accumulations  and 
deposits  of  such  waste  organic  matters  as  are  capable  of  removal  through  sewers. 

Different  forms  of  requirements  looking  to  this  end  have  been  adopted  by  different  towns.  The 
latest  that  has  come  to  my  notice,  and  one  with  the  determination  of  which  I  had  something  to  do  and 
which  seems  to  me  the  best  that  I  have  seen,  is  set  forth  in  an  ordinance  fixing  and  regulating  the  use 
of  sewers  by  private  individuals  in  the  borough  of  Stamford.     It  is  as  follows : 


AN   ORDINANCE    FIXING    AND    REGULATING     THE    USE   OF    SEWERS     BY    PRIVATE    INDIVIDUALS     IN    THE 

BOROUGH   OF   STAMFORD. 

Section  i.  The  Committee  on  Health  of  the  Board  of  Warden  and  Burgesses  shall  have  power 
to  stop  and  prevent  the  discharge  of  sewage  from  any  premises  in  the  borough  into  or  upon  an\'  public 
highway,  stream,  water-course,  or  public  place,  or  into  any  drain,  cesspool,  or  private  sewer,  and  to  order 
a  connection  to  be  made  with  the  public  sewer  for  the  removal  of  sewage  from  any  premises  whenever 
in  the  opinion  of  said  committee  the  public  interest  shall  demand  it ;  and  any  person  who  shall  neglect 
or  refuse  to  comply  with  the  order  of  said  committee,  as  above  stated,  within  ten  days  from  the  service 
of  notice  of  said  committee  shall  be  guilty  of  a  misdemeanor  and  shall  pay  a  fine  of  not  less  than  ten 
dollars  nor  more  than  fifty  dollars. 

Section  2.  It  shall  be  a  misdemeanor  to  do  or  cause  to  be  done  any  of  the  following  acts,  except 
as  hereinafter  provided  ;  and  any  and  all  persons  guilty  thereof  shall  pay  a  fine  not  less  than  five  dollars 
nor  more  than  fifty  dollars  for  each  and  every  offence: 

1.  To  uncover  the  public  sewer  for  any  purpose  or  make  connection  therewith,  or  to  uncover 
the  public  inspection  or  connection  branches  thereof,  or  to  open  any  man  hole  or  flush-tank,  unless 
and  except  with  the  written  consent  and  under  the  supervision  of  the  borough  engineer  or  his  duly 
authorized  agent.  To  do  or  cause  to  be  done  any  injury  of  any  kind,  in  any  manner,  to  the  pumping- 
station  building,  the  engines  and  pumps  or  any  connection  therewith,  to  the  stand-pipe,  force-main, 
or  outlet-pipe,  or  to  any  other  of  the  appliances  or  parts  of  the  public  sewers. 

2.  To  make  or  cause  to  be  made  any  connection,  for  the  removal  of  sewage  from  any  premises, 
with  the  storm-water  drains  of  the  borough,  or  with  any  stream  or  water-course  within  the  limits  of  said 
borough. 

3.  To  make  or  cause  to  be  made  any  connection  with  a  house-connection  branch  of  a  jniblic  sewer, 
except  under  a  written  license  for  the  work,  signed  by  the  borough  engineer  or  his  duly  authorized 
agent. 

4.  To  make  or  cause  to  be  made  such  connection  by  any  other  person  than  a  mechanic  duly  licensed 
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to   do   such  work    by  the  Board    of   Warden  and    Burgesses  ;   or  to  make  such  connection   in  any  other 
manner  than  as  follows,  to  wit  : 

A.  Every  pipe  connecting  with  the  sewer,  from  a  point  five  feet  outside  the  foundation-walls  of 
the  building,  must  be  either  of  heavy  cast  iron  or  of  salt-glazed  vitrified  earthenware;  must  be  sound 
and  impervious  in  all  its  parts  ;  must  be  solidly  laid  on  a  true  grade,  and  as  nearly  as  possible  in  a 
straight  line;  all  changes  in  its  direction  must  be  made  with  properly  curved  pipe;  must  be  jointed  in 
the  best  manner  and  covered  to  the  depth  of  at  least  one  foot  with  well-rammed,  fine  earth,  entirely 
free  from  stones  and  rubbish.  Within  forty-eight  hours  after  the  back  filling  of  the  trench  is  completed 
the  paving  or  ballast  must  be  replaced,  and  the  street  left  in  the  best  condition  to  the  satisfaction  of 
the  borough  engineer  or  his  duly  authorized  agent. 

B.  In  all  cases  gaskets  must  be  used  to  prevent  cement  or  lead   from  running  into  the  pipes. 

C.  No  drain  connected  with  the  public  sewer  shall  be  laid  with  a  less  inclination  or  crrade  than 
I   in  60  without  the  written  permission  of   the  borough  engineer  or  his  duly  authorized  agent. 

D.  All  drains  connected  with  the  public  sewer  shall  be  four  inches  in  interior  diameter.  No  earthen- 
ware pipe  shall  be  laid  less  than  two  feet  si.x  inches  deep.  Pipes  laid  at  a  less  depth  than  the  above 
shall   be  of  heavy  cast  iron  with  well-caulked  lead  joints. 

E.  No  person  or  corporation  shall  hereafter  lay  any  pipe  or  conduit  for  any  inirpose  whatsoever, 
in  any  street  within  five  feet  on  either  side  of  the  public  sewer  in  such  street,  without  the  permission 
of  the  Warden  and   Burgesses. 

F.  No  more  than  one  building  shall  be  connected  with  the  public  sewer  through  one  drain  without 
a  special  permit  signed  by  the  borough  engineer  or  his  duly  authorized  agent. 

G.  In  opening  trenches  on  any  street  or  public  way  the  paving  or  ballast  must  be  removed  with 
care ;  the  sides  of  the  trench  must  be  sheeted  or  braced  when  directed,  and  in  the  manner  directed, 
by  the  borough  engineer  or  his  duly  authorized  agent.  The  earth  thrown  from  the  trench  must  be 
placed  so  as  not  to  obstruct  the  gutter  and  so  as  to  cause  the  least  obstruction  to  public  travel. 
Gas  and  water  pipes  must  be  protected  from  injury,  and  the  trench  enclosed  and  lighted  at  night, 
and  every  precaution  taken  to  prevent  injury  to  persons  or  property  during  the  progress  of  the 
work. 

H.  Any  settlement  over  a  drain  on  any  street  or  public  way  occurring  within  sixty  days  shall  be 
repaired  at  the  expense  of  the  owner  of  the  property  from  which  such  drain   has  been  laid. 

I.  Notice  must  be  left  at  the  ofifice  of  the  borough  engineer  twenty-four  hours  prior  to  the 
beginning  of  any  work  upon  a  drain,  and  no  material  shall  be  used  or  work  covered  until  inspected 
and  approved  by  the  borough   engineer  or  his  duly  authorized  agent. 

J.  Permits  to  make  connection  with  the  public  sewers  will  be  i.ssued  only  when  the  plumbing  in 
the  house  or  building  to  be  connected  is  in  accordance  with  the  rules  for  plumbing  hereinafter  pre- 
scribed. 

Section  3.  A.  Before  any  plumbing  or  drainage  work  is  done  in  a  building,  or  before  any 
additions  are  made  to  old  work,  excepting  necessary  repairs,  a  plan  and  description  of  the  work  to 
be  done,  signed  by  a  licensed  plumber  on  blanks  to  be  furnished  by  the  borough  engineer,  shall  be 
filed  in  the  ofifice  of  said  engineer,  and  no  such  work  shall  be  done  until  such  plan  shall  have  been 
approved,  and  a  written  permit  to  do  the  work,  issued  by  said  engineer  or  his  duly  authorized  agent. 

All  work  done  on  such  plans  shall  be  subject  to  the  inspection  of  said  engineer  or  his  duly 
authorized  agent,  and  no  alteration  shall  be  made  in  any  plan  or  in  the  work  without  first  obtaining 
a  special  permit  in  writing  from  said  engineer  or  his  duly  authorized  agent. 

Under  no  circumstances  can  any  mechanic  doing  the  work  of  plumbing  or  house-drainage,  or 
any  employee  of  such  mechanic,  act  as  the  agent  of  the  borough  engineer  to  perform  the  duties 
prescribed   in  this  ordinance. 

B.  All  pipes  from  the  sewer  connection  to  the  top  of  the  soil  pipe  must  be  full}-  four  inches 
in   interior  diameter  at  every  point. 

C.  No  trap  nor  any  manner  of  obstruction  to  tlie  free  flow  of  air  through  the  whole  course  of 
the  drain  and  soil  pipe  will  be  allowed  ;  and  an\'  mechain'c  who  shall  directl\-  or  indirectly  place, 
make,  cause,  or  allow  to  be  placed  or  made  any  trap,  contraction,  or  other  obstacle  anywhere  in  the 
course  of    such  drain    or  soil    pipe   shall,  in  addition  to  the   penalty  herein    prescribed,  forfeit    his  license, 


2l6  SEWERAGE  AND  LAND-DRAINAGE. 

and  shall  be  ineligible  to  re-license  for  one  year.  And  any  other  person  offending  as  above  shall  be 
subject  to  the  penalties  of  this  ordinance,  and  shall  in  addition  pay  the  costs  of  rectifj'ing  the  wrong 
done. 

D.  E\-ery  connection  of  a  water-closet,  sink,  basin,  or  other  vessel  connected  with  a  soil-pipe  or 
drain  must  be  separated  from  it  by  a  trap  offering  an  obstacle  to  the  passage  of  air  equal  to 
not  less  than  one  inch  depth  of  water.* 

E  All  details  of  plumbing  work,  such  as  water-closets,  sinks,  etc.,  must  be  of  a  kind  and  quality 
to  be  approved  by  the  borough  engineer. 

F.  The  discretion  of  the  borough  engineer  in  approving  plans  and  accepting  work  as  above  shall 
be  limited  by  the  following  requirements,  viz  : 

1.  No  water-closet  shall  be  set  up  in  any  house  or  building  in  which  its  walls  are  not  full}'  and 
freely  washed  by  the  normal  discharge  of  the  closet  at  each  operation;  nor  shall  any  hopper  closet 
be  set  up  which  has  a  trap  of  less  than  one  and  three-quarter  inches  seal. 

2.  Every  trap  constructed  which  is  so  situated  as  to  be  subject  to  siphonage  by  momentum  or 
by  suction  shall  be  of  a  kind  that  cannot  ha\'e  its  water  seal  broken  by  siphonage,  or  shall  have  an 
effective  mechanical  seal.f 

3.  No  cowl,  return-bend,  or  cap  shall  be  used  at   the  top  of  any  soil  or  vent  pipe. 

4.  Every  lateral  branch  extending  more  than  ten  feet  from  a  ventilated  soil  or  vent  pipe, 
with  which  it  is  connected,  shall  be  independently  vented  through  the  roof  of  the  building  by  a 
pipe  of  its  full  diameter.  There  shall  be  no  trap  in  the  course  of  such  branch  or  vent  pipe,  each 
fixture  being  independently  connected  with  it  and  having  its  own  trap. 

5.  No   fixture  shall   be   trapped  by  having  its  outlet    connected   with   the   trap   of  another  fixture. 

6.  From  a  point  five  feet  outside  the  foundation-walls  of  a  building  no  material  may  be  used, 
within  the  building,  for  soil,  waste,  or  vent  pipes  other  than  wrought-iron,  or  cast-iron  pipes  with 
securely  leaded  X  joints,  or  lead  pipes  with  soldered  or  wiped  joints.  Cement  or  putty  joints,  tin  or 
sheet-iron   pipes,   whether  galvanized  or  not,   shall  not    be  used. 

7.  No  connection  may  be  made  at  any  part  of  the  house-drainage  system  with  roof-gutters  or  any 
other  channel  for  the  conveyance  of  rain-water,  save  that  plumbing  fixtures  may  be  supplied  from 
tanks  constructed  to  store  rain  water  for  such    purpose. § 

8.  All  soil  and  waste  pipes  shall  be  as  direct  as  possible,  and  all  parts  of  the  work  shall  be  so 
arranged  that  they  may  be  at  all  times  readily  examined  and  repaired.  Before  the  fixtures  are  placed 
in  connection  with  the  plumbing  of  any  house  or  building,  and  before  the  soil-pipe  is  connected  with 
the  drain,  the  outlet  of  the  soil-pipe  and  all  openings  into  it  shall  be  hermetically  sealed  ;  the  pipe 
shall  then  be  filled  with  water  to  its  top,  and  every  joint  shall  be  carefully  examined  for  leakage,  and 
all  leaks  shall  be  securely  closed  before  connections  with  the  soil-pipes  are  made  ;  except  that  in  cases 
of  inspection  of  plumbing  already  existing,  the  peppermint  or  smoke  test  ma}'  be  substituted  b}'  the 
borough   engineer.  || 

G.  The  licensed  mechanic  employed  to  construct  a  house-drain  shall  complete  his  work  to  within 
four  feet  of  the  mouth  of  the  house-connection  branch  of  the  public  sewer.  The  house-drain  shall 
be  continued  from  that  point,  and  connected  with  the  house-connection  branch  of  the  public  sewer 
oii/j  under  the  immediate  supervision  of  the  borough  engineer  or  his  duly  autliorized  agent ;  and  only 
after  he  shall  have  personally  inspected  and  accepted  the  house-drain  and  its  plumbing  connections, 
and  satisfied  himself  that  all  is  strictly  in  accordance  with  the  requirements  of  this  ordinance,  shall 
such   connection   with   the  public   sewer  be   made. 

H.  Applications  for  license  to  do  any  woik  under  this  ordinance  shall  be  made  in  writing  to 
the  Committee  on  Sewerage  and  Drainage  of  the  Board  of  Warden  and  Burgesses,  on  blanks  provided 
for  the  purpose.  Every  person,  firm,  or  corporation  to  whom  a  license  is  granted  shall  file  a  bond, 
to  be  approved  by  the  Warden  and  Burgesses,  in  the  sum  of  five  hundred  dollars,  conditioned  to 
idemnify  and  save  harmless  the  borough  of  Stamford  from  all  damages  arising  from  connections  made 
with    the    public   sewers. 

Xi>    [)crs()n,   firm,  or  cor[)oration    licensed   to    do   tile   work    herein    pro\iiled    for  shall   undertake  house- 

*  One  and  a  lialf  in' lies  would   be  liCllfr.  f  Or  sliall    be  so  vrnied  as   to  prevent  siplion.nge.  \0\  screw-joints. 

§  riic  overllow  of  siicli  tanl<  nut  being  coirnected  witli  tli'-  drainage-system.  ||  An  air-pressure  test  may  be  used  in  eitlier  case. 
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drainage    or  plumbing  work   in    any    case    without    having    first   received  a  special    permit  for  such   case. 
Applications    for    permits    for    house-drainage    and    sewer-connections    must    be    made    in    writing    by    the 
owner  of  the   property   or   by  his  authorized   agent,  giving  the  name  of   the   licensed   mechanic  who   is  to 
do  the   work,   and   requesting   that   the   said   licensed   mechanic   be  duly  authorized    therefor.     (Blanks  for  • 
such  application  will   be   furnished    by  the    borough    engineer.) 

Section  4.  To  allow  any  surface-water  or  rain  water  from  the  ground  or  roofs  of  houses  or  build- 
ings to  enter  any  pipe  *  or  drain,  or  any  vessel  or  slop-stone  connected  with  any  pipe  or  drain  connected 
with  the  public  sewers,  or  to  admit  anj-  drainage-water  from  anj-  cellar  into  such  pipe  or  drain,  without 
obtaining  permission   from   the   Warden   and    Burgesses. 

Section  5.  To  throw  or  deposit,  or  cause  to  be  thrown  or  deposited  in  any  vessel  or  receptacle 
connected  with  a  public  sewer,  any  garbage,  vegetable  parings,  ashes,  cinders,  rags,  or  any  other  matter 
or  thing  whatsoever,  e.xccpt  faeces,  urine,  the  necessary  water-closet  paper,  and  liquid  house-slops ; 
or  to  allow  any  house-drain  to  be  connected  with  any  privy-vault  or  cesspool,  or  underground  drain, 
or  with  any  other  channel  conveying  water  or  filth,  excepting  the  soil-pipes  and  plumbing-work  of  the 
house  or  building  as  hereinbefore    provided. 

Section  6.  It  is  made  the  duty  of  the  borough  engineer  and  of  his  duly  authorized  agents  to 
enforce  full  compliance  \\'ith  the  ordinance  in  relation  to  the  sewer  connections,  the  construction  of 
house-drains  and  plumbing-work,  and  the  e.xclusion  of  all  improper  substances  from  the  drains  and 
sewers,  and  a  failure  of  dut)-  in  this  respect  shall  subject  such  engineer  or  agent  to  all  the  penalties 
of  this  ordinance. 

Section  7.  The  Committee  on  Sewerage  and  Drainage  of  the  Board  of  Warden  and  Burgesses 
shall  have  power  to  stop  and  prevent  from  discharging  into  the  public  sewers  any  private  drain  through 
which    sLibstances   are    discharged    which    are    liable    to   injure    the   sewers   or    to   obstruct    the  flow   of 


the  sewage. 


'Except  as  provided  in  Section  3,  par.  F-7. 


CHAPTER  XXV. 

SEWERAGE  IN  EUROPE. 

IN  the  winter  of  1856-7  Mr.  E.  S.  Chesbrough  made  an  investigation  into  the  sewerage  of  several 
European  cities.  This  study  was  preparatory  to  the  construction  of  a  system  of  sewers  for  Cliicago. 
The  results  of  his  examination  were  published  in  a  most  useful  and  valuable  report,  which  marked  a 
decided  advance  in  knowledge  concerning  the  subject  in  this  country.  Since  that  date,  from  time  to 
time,  engineers  have  been  sent  by  other  cities  and  public  bodies  to  make  similar  examinations.  Other 
examinations  have  been  made  by  engineers  and  others  on  their  own  account.  The  results,  taken  as  a 
whole,  have  furnished  us,  in  connection  with  the  of^cial  reports  of  foreign  cities  and  boards  of  health 
and  of  public  works,  with,  most  of  our  knowledge   of  sewerage  abroad. 

It  may  fairly  be  assumed  that  we  are  now  reasonably  well  informed  as  to  European  experience 
in  this  work.  It  behooves  us  to  keep  ourselves  advised  of  further  progress  as  it  is  made — and  some 
of  the  best  minds  in  the  profession  are  actively  engaged  in_  the  improvement  of  the  art.  American 
sewerage  work  has  acquired  the  valuable  features  of  foreign  work,  and  the  need  for  going  abroad 
for  information  hardly  continues ;  though  much  that  is  to  be  learned  by  a  personal  study  of  these 
works  will  be  of  great  value  in  the  education  of  the  individual  engineer. 

Probably  as  much  is  to  be  learned  from  the  occasional  failures  as  from  the  successes  of  foreign 
engineers.  In  the  matter  of  sewage-disposal  they  are  still  far  ahead  of  us  in  the  extent,  and  in  some 
instances  in  the  success,  of  their  work.  With  regard  to  the  purification  of  sewage  by  chemical  pre- 
cipitation we  have  no  important  examples,  while  they  have  many — some  of  them  more  or  less  suc- 
cessful. 

The  sewers  about  which  we  have  the  best  information,  and  which  are  most  conspicuously  referred 
to  in  sewerage  literature,  are  those  of  London,  Paris,  Berlin,  Frankfort,  and  Dantzic,  to  which  may  be 
added  many  examples  of  the  separate  system  as  applied  in  England,  Liernur's  system  in  Amsterdam, 
and  Shone's  in  Wrexham  and  at  several  places  in  England. 

The  sewerage  of  London,  which  includes  an  enormous  amount  of  old  work,  much  of  it  very  bad, 
has  been  supplemented  within  the  past  thirty  years  by  extensive  intercepting  sewers  at  different 
levels,  both  north  and  south  of  the  Thames,  flowing  into  the  river  on  the  north  side  at  Barking 
and  on  the  south  side  at  Crossness.  At  these  points  the  sewage  is  delivered  into  reservoirs,  intended 
to  pond  it  during  incoming  tides  for  discharge  during  the  ebb.  The  sewage  is  pumped  on  the  north 
side  to  a  maximum  height  of  thirty-six  feet,  and  on  the  south  side  of  thirty  feet.  There  are  other 
lifts  of  a  portion  of  the  sewage  to  about  eighteen  feet.  These  intercepting,  pumping,  and  discharg- 
ing works  have  been  constructed  and  maintained  at  a  cost  of  nearly  $30,000,000.  The  work  was 
designed  and  has  been  constructed  under  the  direction  of  Sir  Joseph  Bazalgette.  It  was  assumed 
that  its  effect  would  be  to  insure  the  complete  and  final  removal  into  the  lower  reaches  of  the 
Thames,  and  thence  into  the  sea,  of  tlie  enormous  volume  of  the  dry-weather  sewage  of  the  metro- 
polis, amounting  at  this  lin;e  to  about  14,000,000  cubic  feet  per  day,  aside  from  a  great  volume  of 
storm-water  anil  dilute  sewage  discharged  into  the  river  throughout  the  whole  city  by  storm-over- 
flows during  rains  and   the  rain-flow  that   is  carried   to  the  outlets. 
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The  effect  of  these  works  has  not  justified  the  antici[iali();i  of  tliose  who  recommended  and 
secured  their  construction,  and  the  people  of  London  arc  toda)-  as  far  as  ever  from  a  final  and  satis- 
factory solution  of  their  sewage-disposal  problem  The  chief  lesson  to  be  learned  from  their 
example  is  this:  Tiie  water  carried  wastes  of  a  large  town,  most  of  its  streets  being  macadamized 
and  most  of  its  sewers  being  far  from  self-cleansing,  cannot  be  got  rid  of  b\'  deHvery  into  a  ri\-er  of 
vigorous  tides  and  a  relatively  small  flow  of  upland  water  by  discharging  it  into  the  stream  even 
during  the  ebb  tide.  For  the  further  important  lesson,  the  complete  and  final  solution  of  the  diffi- 
cult)', we  have  yet  to  wait.  The  highest  authority  has  recently  pronounced  the  existing  condition  to 
be  "a  disgrace  to  the  metropolis  and  to  civilization";  and  there  is  nothing  in  recent  suggestions  of 
amendment  that  seems  to  promise  relief.  In  the  meantime  the  problem  grows  apace,  defying  more  and 
more  the  effort  to  solve  it  on  the  lines  laid  down.  A  radical  change  of  system  will  some  day  become 
inevitable.     The  earlier  it   is  made  the  less  cost!}'  will  it  be. 

Sir  Robert   Rawlinson,  in  a  statement  concerning  the  sanitary  imjirovements  of  London,  says: 

"  London  may  be  taken  as  an  example  of  modern  sanitary  improvement  on  the  largest  scale.  I 
therefore  give  the  following  details  of  it:  London  stands  upon  an  area  of  about  117  miles,  having  a 
population  of  5,456,587  inhabitants,  residing  in  735,542  houses,  the  annual  ratable  value  being  about 
.^32,000,000,  the  population  increasing  at  a  rate  of  about  70,000  per  annum.  There  are  2,500  miles  of 
streets,  roads,  and  courts,  from  which  some  2,000,000  cubic  yards  (or  tons)  of  refuse  and  mud  are 
removed  annually,  according  lo  the  seasons  (wet  or  dry).  There  are  about  3,000  miles  of  main 
sewers,  ranging  from  12  feet  6  inches  in  diameter  to  9  inches;  and  there  must  be,  in  round  figures, 
about  80,000,000  lineal  yards  of  house-drains.  At  Barking  and  Crossness,  about  twelve  miles  below 
London  Bridge,  there  are  sixteen  acres  of  sewage  tanks,  capable  of  containing  60,000,000  gallons  per 
day  of  sewage.  There  are  steam-power  pumping-engines  equal  to  3,520  nominal  horse-power.  At  the 
present  time  the  average  daily  flow  of  sewage  from  London  is  about  100,000,000  gallons,  or  40,000,000 
in  excess  of  the  tank  capacity;  consequently  this  volume  flows  with  the  incoming  tide  back  to 
London  " 

This  is  probably  a  mild  statement  of  the  case.  The  testimony  taken  in  the  final  examination  made 
concerning  the  fouling  of  the  Thames  make  it  seem  clear  that,  in  addition  to  the  sewage  now  necessarily 
discharged  on  the  incoming  tide,  a  considerable  portion  of  that  delivered  during  the  ebb  is  carried  up 
the  river  by  tidal  action.  It  seems  even  to  be  demonstrated  that  portions  of  sewage  discharged  on  the 
out-going  tide   have  been   carried    up  above    London   Bridge  b)'  the  successive  action  of  flood-tides. 

Although  there  are  doubtless  examples  of  good  sewerage-work  in  England,  its  average  character  is 
by  no  means  high.  I  venture  to  believe  that  it  cannot  be  radically  improved  under  the  system  now 
in  vogue ;  that  is  to  say,  it  has  thus  far  been  deemed  necessary  to  make  use  of  existing  old  sewers  and 
to  adhere  to  the  traditions  of  old  methods,  as  instanced  in  the  continuance  of  sewerage  bj-  the  combined 
system  in  spite  of  enormous  difficulties  in  the  way  of  disposal,  and  by  the  admission  of  a  large  quantity 
of  rain-water  in  the  "  separate  "  system.  I  have  seen  nothing  in  connection  with  English  work  to 
modify  the  opinion  long  since  formed  that  the  ultimate  solution  of  the  problem  in  London  and  in 
England  generally  is  to  be  found  in  the  adoption  of  some  means  for  disposing  of  wastes  that  shall 
be  in   no  wise  embarrassed  b}'  storm-water  or  street-wash. 

In  1876  Colonel  Heywood,  C.E.,  engineer  of  the  city  of  London,  said  in  a  report  to  the  Streets 
Committee  of  the  Sewer  Commissioners  : 

"'The  existing'  sj'stem  of  sewerage  has  been  so  lauded,  its  sanitary  value  has  been  so  dwelt  upon, 
its  defects  so  much  passed  over,  it  has  so  many  advocates,  so  many  reputations  almost,  in  fact,  depend 
on  its  being  reckoned  a  successful  system,  that,  although  there  is  a  growing  distrust  in  its  efficiency,  it 
is  likely  for  the  present  to  be  considered  as  the  best  solution  of  the  difficulty  which  towns  labor  under 
of  getting   rid   of  the  excreta  of  their  populations;  but    it   should   be  known   that   inquir)- into  its  sanitary 
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value  has  been  limited  to  select  towns,  and  that  no  broad,  comprehensive  inquiry  has  been  undertaken, 
although,  after  an  expenditure  of  a  hundred  millions  sterling  in  sanitary  works  and  a  quarter  of  a  cen- 
tury's experience  of  them,  general  results  must  by  this  time  have  shown  themselves  and  should  now 
be  examined  into." 

Mr.  John  Phillips,  who  was  prominent  in  the  sewerage  discussions  before  the  Metropolitan  Sanitary 
Commission  over  forty  years  ago,  says  in  a  recent  communication  to  the  editor  of  Iron  : 

"  For  many  years  past  the  sewerage  of  towns  has  been  carried  out  by  a  fortunately  favored  few 
engineers. 


"The  sewers,  as  laid  down  in  many  towns  by  the  '  happy  few,'  to  the  injury  of  the  'unhappy  many,' 
are  not  what  they  say  they  are,  nor  what  they  should  be.  In  some  cases,  where  the  gradients  are  good 
and  the  sewage  flows  quickly,  they  keep  themselves  clean.  The  remainder,  however,  where  the  gra- 
dients are  bad  and  the  sewage  flows  slowly,  always  accumulate  sewage-deposits  and  generate  no.xious 
gases,  which  flow  from  one  sewer  into  another  to  the  highest  levels  and  escape  by  the  house  drains  into 
the  houses  and  by  the  ventilating-shafts  and  gully-drains  into  the  streets,  contaminating  the  atmos- 
phere breathed  by  the  people.  This  abominable  state  of  things  now  e.xists  more  or  less  in  every  town, 
and  this  is  the  outcome  of  the  '  scientific  sewerage  '  designed  and  carried  out  by  this  school  of  '  sani- 
tary engineers.' " 

This  seems  a  very  strong  statement,  but  there  are  reasons  for  supposing  that  it  is  to  a  large  degree 
justified   by   facts. 

Much  has  been  said  and  written  about  tlie  majestic  sewers  of  Paris.  Viewed  solely  as  underground 
conduits  of  well-constructed  masonry,  the  main  sewers  of  this  city  are  indeed  majestic,  and  all  of  the 
recent  work  has  been  executed  with  care  and  skill.  Concerning  the  lateral  sewers,  especially  those  of 
old  construction,  the  same  cannot  be  said.  The  main  "collecteur  "  under  the  Rue  de  Rivoli,  which  is 
the  source  of  the  impressions  that  the  casual  traveller  brings  away  concerning  these  works,  is  periodi- 
cal y  cleansed  and  white-washed,  and  on  certain  days,  when  everything  is  in  order,  it  is  entered  by  a 
few  favored  visitors.  I  have  never  seen  this  sewer,  but  I  have  walked  for  some  miles  through  other 
important  sewers  of  Paris,  wading  nearly  to  my  knees  in  sluggish  filth,  and  bringing  away  a  somewhat 
different  impression  from  that  made  on  the  "  favored  visitors."  The  knowledge  thus  gained  has  been 
supplemented  by  official  reports  and  by  conversation  with  engineers  of  the  city  since,  and  especially  by 
the  discussions  of  the  sanitary  commission  that  was  charged  with  the  formulating  of  recommendations 
for  the  improvement  of  the  general  sanitary  condition  of  Paris.  My  conclusion  is  that  the  only  lesson 
to   be   learned  from  these  sewers  is  a  caution  against   the  repetition   of  similar  works  elsewhere. 

As  sewers,  they  perform  in  a  very  slight  degree  the  duty  which  I  have  been  taught  to  regard  as  a 
most  important  one.  While  they  remove  rain-water  and  a  large  volume  of  water  derived  from  the 
copious  washing  of  the  surface  of  the  streets,  the\'  are  in  relatively  few  cases  connected  in  an)-  manner 
with  the  fouler  drains  of  houses.  The  cesspool  system  is  still  substantially  universal,  and  the  wastes 
of  water-closets,  etc.,  are  almost  entirely  stored  in  them,  with  the  general  result  of  making  Paris  far  from 
cleanly  or  healthy.  The  sanitary  commission  has  recommended  extensive  improvements  and  modifica- 
tions of  the  sewer-system,  which  have  not  yet  been  put  into  execution  and  which,  when  fully  carried 
out,  will   still   leave  much  to  be  desired. 

The  element  of  the  Paris  work  which  is  the  most  interesting  and  useful  to  engineers  and  sani- 
tarians is  that  relating  to  the  disposal  of  from  one-fifth  to  one-third  of  the  sewage  of  the  city  by 
agricultural  purification  on  the  plain  of  Gennevilliers  north  of  the  city.  This  work  has  been  arranged 
and  controlled  in  the  most  skilful  and  intelligent  manner  and  with  the  best  results.  It  is  in  contem- 
plation to  extend   the   system   to  other   lands   near   the  city,   and    thus  to  secure   the  purification    of    the 
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entire  outflow,  withholding  from  the  Seine  impurities  whieli  now  poUutc  it  to  a  most  serious  extent 
for  many   miles   of    its    course. 

There  have  been  many  careful  official  reports  concerning  this  work  from  its  first  inception.  The 
most  important  and  careful  is  that  made  to  the  Ch<imber  of  Deputies  of  France  b}'  Mr.  Bourne- 
ville,  a  Deputy,  submitted  in  the  name  of  the  committee  appointed  to  examine  the  proposed  law- 
having  for  its  object  the  agricultural  utilization  of  the  sewage  of  Paris  and  the  purification  of  the 
Seine. 

In  making  extracts  from  this  report  I  adhere  as  closely  as  possible  to  the  original  text,  thinking 
that,  as  former  statements  about  this  work  have  been  disputed,  a  close  translation  is  more  important 
than   a   freer   rendering  in    English.      Mr.    Bourneville   says: 

"  The  vast  experiment  at  Gennevilliers  comes  in  its  turn  to  confirm  the  great  laws  of  natural 
purification   and   agricultural   restitution   attested  by  the   numerous  examples  that   we   have   collated. 

"It  was  in  May,  1869 — that  is  sixteen  years  ago — that  the  sewage  first  reached  the  land  of  the  plain 
of  Gennevilliers.  There  had  already  been  for  two  years  (1867  to  1869)  se\-eral  thousand  cubic  metres 
distributed  by  irrigation  or  treated  by  chemical  re-agents  at  Clichy  on  an  experimental  field,  where  the 
pumps  now  stand  ;  a  certain  number  of  vegetable  products  had  been  obtained  on  about  two-thirds  of  an 
acre.  The  experiment  transported  to  the  other  side  of  the  Seine  at  the  beginning  of  the  plain  of 
Gennevilliers  began  in  1869  on  6  hectares — 15  acres — bought  by  the  cit\-  of  Paris  and  retroceded  by  it 
to  several  well-disposed  cultivators.  The  disasters  of  the  war  came  and  destroyed  the  first  installations; 
they  were  put  into  condition  again  at  the  commencement  of  1872,  and  since  then  the  service  has  been 
regularly  performed.  On  the  3d  of  June  your  commission  visited  in  detail  the  pumping-station  of 
the  city  of  Paris  and  the  plain  of  Gennevilliers.  We  have  gathered  together,  on  the  ground  and  in 
the  documents  placed  at  our  disposition,  the  most  circumstantial  information  on  the  results  ob- 
tained." 

The  report  then  describes  the  character  and  arrangement  of  the  pumps,  connecting-pipes,  distribu- 
tion-pipes, etc. 

"  The  volume  of  sewage  sent  into  the  plain  of  Gennevilliers,  which  was  1,765,621  cubic  metres 
in  1876,  was  15,000,000  in  1880,  and  finally  22,493,992  cubic  metres  in  1884.  From  1872  to  1885  there 
have  been  spread  on  the  plain   of  Gennevilliers   157,000,000  cubic  metres. 

"  The  irrigated  surface  has  undergone  a  corresponding  development.  Beginning  with  57  hectares 
in  1872,  it  reached  121  hectares  in  1874,  200  hectares  in  1875,  450  hectares  in  1880,  and  finally  616 
hectares  on  the  1st  of  January,  1885.  The  sewage  is  distributed  over  the  different  tracts  by  about  20 
laborers,  each  of  whom  is  charged  with  the  supply  of  from  25  to  30  hectares  and  with  the  manage- 
ment of  about  30  outlets.  In  view  of  the  extreme  division  of  the  propertj'  and  the  diversit}'  of 
culture,  the  volume  of  sewage  delivered  into  the  plain  is  distributed  so  uniformly  as  to  require  no 
reservoir  and  no  'regulator';  simple  stand-pipes  placed  near  the  steam-pumps  and  at  different  points 
along  the  pipes  regulate  the  pressure. 

"  During  the  season  of  active  vegetation  the  cultivators  are  present  on  -the  fields  during  nearl)-  the 
whole  day  to  the  number  of  about  1,500  men,  women,  and  children;  the_\-  lead  the  water  into  the  ditches 
from  the  distribution  outlets  wit'i  a  care  and  a  skill  which  A\ould  leave  nothing  to  be  desired  in  the 
best  irrigations  of  the  south  of  France.  During  the  three  or  four  months  of  winter  vegetation  is  only 
partial  ;  the  laborers  then  interfere  more  directly ;  they  cause  the  sewage  to  flow  in  the  gutters  and 
trenches  in  such  a  way  as  to  insure  purification  by  o.xidizing  action.  The  solid  portions  remain  in  the 
gutters  and  form  a  paste  which  the  peasants  afterward  incorporate  with  the  earth  in  the  first  plough- 
ing of  spring.  This  is  the  case  especially  for  cereals;  the  vegetable  products  utilize  the  winter 
deposits  in  the  form  of  a  top-dressing  of  the  bed  ■ 

"  At    Paris,    as    at    Berlin,    this    formation    of    the   deposits    and    the    irrigation  continue    during    the 
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greatest  cold,  sewage-water  having  always  a  temperature  of  at  least  five  degrees  or  six  degrees  [forty 
degrees  to  fort}-  four  degrees  Fahrenheit].  This  was  realized  in  the  severe  winter  of  1879  ''"'^l  during 
the  three  weeks  of  continuous  frost  of  last  winter.  During  great  floods  of  the  Seine  the  pumps  are 
generally  stopped,  leaving  to  its  flow  the  removal  of  the  entire  discharge  of  the  main  sewers  " 

Then  follows  a  table  showing  that  in  1884  the  volume  of  sewage  used  in  irrigating  per  month 
varied  from  1,205,358  cubic  metres  in  February  to  2,766,782  cubic  metres  in  July.  The  average  for 
the  year  was   1,874,491   cubic  metres. 

"  At  the  time  of  the  visit  of  your  committee  the  volume  delivered  each  day  to  the  cultivators 
reached  from  130,000  to  140,000  cubic  metres  for  every  twenty-four  hours.  More  than  one-half  of 
the  sewage  of  Paris  was  purified  and  utilized  by  the  plain  of  Gennevilliers  during  the  heated  term  and 
during  low  water  of  the  Seine ;  that  is  to  say,  at  the  time  when  the  discharge  of  sewage  into  the 
Seine  is  specially  objectionable. 

"  The  results  obtained  in  the  plain,  from  the  point  of  view  of  cultivation,  are  most  remarkable. 
Your  commission  traversed  during  more  than  two  hours  fields  covered  with  products  of  the  greatest 
variety  and  abundance :  vegetables  of  all  sorts,  cereals,  grass,  and  nurseries. 

"They  obtain  generally  20,000  to  40,000  head  of  cabbage  per  hectare,  60,000- heads  of  artichokes, 
10,000  kilogrammes  (over  100  tons)  of  feeding-beets,  and  5  or  6  cuts,  yielding  from  80  to  100  tons  of  green 
forage.  The  gross  product  obtained  per  hectare  varies  from  3,000  to  10,000  francs— $600  to  $2,000 — 
and  even  more  for  certain  crops. 

"  It  has  been  said,  in  the  presence  of  the  commission,  that  the  horticultural  products  of  Gennevilliers 
were  of  bad  quality.  It  has  been  written  that  the  vegetables  produced  by  this  soil  sureharged  zvith 
infected  zuater  arc  bad  to  the  taste,  and  the  forage  offered  to  live-stock  is  not  nutritive,  and  is  besides  rejected 
by  them  On  this  point  here  is  the  opinion  formulated  in  a  special  report  to  the  Agricultural  Society 
of  France  by  Mr.  Michelin." 

Here  follows  a  table  showing  that  the  616  hectares  were  occupied  for  the  growth  of  cabbage,  arti- 
chokes, potatoes,  asparagus,  salads  of  various  sorts,  peas,  carrots,  beans,  parsley,  onions,  beets,  luzerne, 
grass,  sundry  vegetables,   nursery  stock,   trees,  and  cereals.     Mr.   Michelin  says  : 

"  The  society  has,  through  its  committees,  '  always  observed  the  results  obtained  in  the  horticul- 
tural experiments  which  have  shed  light  on  this  question,  which  we  in  the  horticultural  world  of 
Paris  regard  as  solved  from  the  practical  point  of  view  with  reference  to  the  beauty  of  the  products, 
their  quality  as  to  taste,  the  success  of  the  production,  and  the  certainty  of  sale.  In  affirming  the 
quality  of  the  vegetables  to  be  proper  for  the  nutrition  of  men  as  well  as  of  animals,  it  should 
be  explained  that  the  liquid  ought  not  to  be  put  in  contact  with  those  parts  of  the  plant  which  are 
above  ground,   but  only  with   their  roots 

The  committee  asserts  "  that  all  the  vegetables  of  Gennevilliers  are  advantageously  sold  in  the 
Halles,  as  well  as  in  the  markets  of  the  environs.  They  carry  off  the  first  prizes  at  the  horticultural 
exhibitions  of  Paris  and  even  of  Seine-et-Oise.  About  800  cows  are  fed  with  the  aid  of  the  irrigated 
grass  and  plants.  The  average  dose  of  sewage  used  by  a  hectare  divided  over  the  whole  surface 
dedicated  to  irrigation  is  about  40,000  cubic  metres  a  year.  It  is  realh'.  if  we  include  what  is  not  used 
directly,  about  50,000  cubic  metres.  Certain  parcels  specially  treated,  under  an  arrangement  with  the 
cultivators  and  by  way  of  experiment,  with  high  doses  have  been  receiving  for  three  years  80,000  cubic 
metres  by  regular  irrigation  summer  and  winter.     They  are  covered  by  a  luxuriant  vegetation. 

"The  rental  value  of  land,  which  was  formerly  from  90  to  150  francs  a  hectare  [$7  20  to  $12  per 
acre]— we  speak,  of  course,  of  the  cultivated  land— is  now  from  450  to  500  francs  [$36  to  $40  per  acre] 
in  all  the  irrigated  area.  As  to  the  selling  value,  it  is  from  10  000  to  12,000  francs  [$800  to  $960  per 
acre].  All  leases  now  accepted  by  the  cultivators  carry  the  provision  that  the  high  rent  is  not  con- 
sented to  except  on  the  condition  of  sewage  being  disposable  for  the  leased  land. 
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"The  commune  of  Gennevilliers  asked  and  obtained  by  the  treaty  of  1881  that  for  a  period  of 
twelve  years  the  sewage  should  remain  at  the  disposition  of  its  inhabitants  as  freely  as  they  should  de- 
sire, whatever  might  be  the  projects  and  works  of  the  city  of  Paris  for  the  extension  of  irri- 
gation  [elsewhere]. 

"  Irrigation  with  sewage  has  therefore  brought  wealth  to  Gennevilliers.  Notwithstandino-  the 
evidence  of  these  results,  there  is  among  the  adversaries  of  the  present  project  one  who  maintains  that 
this  wealth  is  an  illusion,  and  that  in  reality  the  irrigation  has  caused  to  Gennevilliers  an  irreparable 
wrong  because  no  one  seeks  this  locality  for  the  construction  of  villas.  The  answer  is  simple;  we  take 
it  from  Mr.  Francisque  Sarcey  :  '  The  population,  which  was  not  dense,'  says  he,  '  cultivated  more  or 
less  well  a  rebellious  soil.  They  had  only  to  scratch  the  ground  to  meet  the  sterile  sand  and  the  arid 
gravel.  A  few  country  houses  had  pushed  in  here  and  there  around  Gennevilliers  itself ;  but  it  was  by 
exception, /or  the  emigration  of  the  Parisian  bourgeoisie  in  search  of  Z'i/Zas  passed  to  one  side  and  piisJicd 
generally  further  on.  Those  who  had  stopped  there  could  have  been  seduced  only  by  the  cheapness  of 
the  land.  It  seemed  that  this  country,  struck  with  a  sort  of  malediction,  was  never  to  lift  itself 
from  this  condition  when  in  1869  the  sewer  commission  of  Paris  selected  it  as  the  theatre  of  an  experi- 
ment which  was  to  produce  a  happy  change    in   its  appearance  ' 

"  The  purity  of  the  subsoil-water  which  receives  ail  of  the  water  filtering  from  the  irrigated  land 
is  perfect.     Mr.  Pasteur  has  testified    to  this  with   his  high  authority  before  the   committee. 

"All  may  judge  of  this  as  your  committee  has  done  b}-  the  examination  and  the  tasting  of  the 
water  that  flows  out  of  the  five  lines  of  drains,  eighteen  inches  in  diameter,  which  surround  the  village  of 
Gennevilliers  and  discharge  into  the  Seine  about  one  kilometre  from  each  other.  These  drains,  having 
a  total  length  of  about  five  kilometres  [three  miles],  have  been  established  at  a  depth  of  four  metres 
[twelve  feet],  at  the  normal  level  to  which  it  was  desired  to  reduce  the  subsoil-water  in  the  case  of 
floods  or  of  very  heavy  irrigation  ;  these  drains  facilitate  the  outflow  of  the  water  and  prevent  the  in- 
vasion of  quarries  and  cellars. 

"  As  Mr.  Marie-Davy,  Director  of  the  Observatory  of  Montsouris,  testified  before  the  committee, 
the  water  of  the  drains  is  chemically  pure.  It  contains  barely  .001  of  a  gramme  of  organic  nitrogen  to 
the  cubic  metre  even  at  those  points,  as  in  the  experimental  basins  of  the  garden  belonging  to  the  city 
of  Paris,  where  the  annual  or  continuous  dose  reaches  and  exceeds  80,000  cubic  metres  per  annum. 
With  Liebig's  bouillon,  which  shows  62  micro-germs  in  a  cubic  centimetre  of  water  of  the  Vanne, 
1,410  for  the  Seine  at  Bercy,  and  20,000  for  the  sewage,  there  are  found  only  a  dozen  inoffen.sive  micro- 
germs  in  the  water  of  the  drains,  which  thus  sustains  the  opinion  of  Mr.  Pasteur.  At  the  same  time 
the  large  content  of  chlorine,  .07  of  a  gramme  per  litre,  indicates  the  presence  in  the  subsoil  water  of  a 
large  proportion   of  purified  sewage  which  has  passed  through  the  ground. 

"The  sanitary  condition  of  the  commune  of  Gennevilliers  leaves  nothing  to  be  desired;  the  maj'or 
and  his  adjuncts.  Doctors  Thebois  and  Cornilleau,  testified  before  the  committee  at  its  visit  to  Genne- 
villiers, and  it  is  enough  to  walk  about  in  the  plain  and  see  the  vigor  and  good  health  of  the  hundreds 
of  men,  women,  and  children  who  are  working  eagerly  \avee  ardeur']  in  the  midst  of  the  irrigated  fields 
to  understand  the  true  state  of  the  case.  The  general  mortality  in  1865  was  32  per  1,000.  In  1876  and 
1 88 1  it  was  only  25  and  22.  No  epidemic  of  typhoid  fever  has  existed  for  long  }'ears,  although  the 
irrigations  were  continued  on  a  large  scale  during  the  cruel  epidemic  which  attacked  Paris  in  1S82. 
Not  a  single  case  of  cholera  occurred  in  1884.  Never  from  1869  to  this  day,  although  the  inhabitants 
eat  their  own  vegetables  even  uncooked,  has  there  been  observed  a  single  case  of  anthrax  or  septieecmia. 
In  fact,  all  of  the  information  that  wc  ha\-e  gathered  from  most  of  the  ph\-sicians  who  ha\'e  had  occa- 
sion to  be  called  to  Genne\illiers  proves  that  intermittent  fe\'er  shows  itself  \ery  rarel}-,  and  that  the 
number  of  cases  does  not  exceed  that  of  localities  more  or  less  remote,  and  of  which  the  fields  arc  not 
subjected  to  irrigation.     ..." 
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"Still  another  argument  pleads  in  favor  of    the  excellent   sanitary  condition  of    Gennevilliers;     that 
is,  the  increasing  growth  of    the  population  as  shown  by  the  following  table : 

1st    of   January,    1869,  2,186   inhabitants. 

"      "  "  1872,  2,218 

1880,  2,389 

188S,  3,245 


(I         n 


"  Such  are  the  facts  that  your  committee  has  established  in  the  plain  of  Gennevilliers ;  it  has  been 
constantly  accompanied  by  the  authorized  representatives  of  the  population  of  the  plain  and  its  suburbs : 
Messrs.  Pommier,  mayor,  and  Retrou,  adjunct,  of  Gennevilliers;  Berthou,  mayor  of  Saint-Ouen  ;  Hennape, 
mayor  of  Puteaux  ;  our  friend,  Mr.  Baill)',  mayor  of  Courbevoie,  Honorary  Inspector-General  of  Public 
Assistance.  A  deputation  of  the  cultivators  of  the  plain  gave  the  committee  all  the  information  as  to 
details  that  it  needed.  No  discordance  was  developed  ;  the  unanimity  was  complete  concerning  the 
excellence  of  the  results  obtained  and  the  absolute  innocuity  of  the  system.  The  majority  of  your 
commission  cannot  refrain  from  expressing  to  you  the  confidence  .that  these  demonstrations  give  it 
in  proposing  to  you  the  continuation  and  extension  of  sewage-irrigation." 

It  would  not  embarrass  the  question  to  add  to  the  matters  to  be  purified  all  of  the  wastes  now 
held  in  cesspools,  and  the  benefit  of  the  sanitary  condition  of  the  city  would  be  radical. 

The  sewerage  system  of  Berlin  is  substantially  new,  having  been  constructed  mainly  within  the 
past  fifteen  years,  and  it  is  not  nearly  complete.  There  is  nothing  especially  noticeable  about  the 
interior  work  of  the  city  save  in  connection  with  the  extensive  pumping-stations.  The  pumps  are  to 
handle  the  dry-weather  flow  and  a  small  amount  of  rain-water,  the  superabundant  supply  during  storms 
being  discharged,  with  much  sewage,  by  overflows  into  the  river  running  through  the  city.  As  in  the 
case  of  Paris,  the  most  interesting  features  of  these  modern  works  are  to  be  found  at  the  irrigation-farms 
— the  most  complete  of  which  is  at  Osdorf,  some  five  or  six  miles  distant  and  about  seventy  feet  higher 
than  the  lower  portions  of  the  city.  This  farm  contains  over  two  thousand  acres,  and  is  controlled 
and  cultivated  by  the  city  for  its  own  account,  with  very  good  results  as  to  product.  The  sales  from 
the  farm,  by  the  last  report,  covered  the  entire  cost  of  maintenance,  not  including  interest  on  capital 
invested.     The  total  cost  of  land  and  preparation  was  nearly  $700,000. 

I  visited  the  Osdorf  farm  under  favorable  circumstances  and  was  permitted  to  examine  its  various 
features.  The  result  seems  to  be  entirely  satisfactory.  The  sewage  is  well  purified,  there  is  very  little 
offensiveness  in  any  of  the  processes,  and  the  crops,  especially  of  cabbages  and  beets,  were  very  large 
and  fine.  One  element  of  the  method  in  use  was  not  to  be  seen  in  summer.  This  is  the  manner  of 
treating  the  superabundant  sewage  in  winter,  that  which  is  beyond  the  requirement  of  the  cultivated 
land;  this  is  ponded  in  basins  in  the  lower  parts  of  the  farm  to  the  depth  of  two  or  three  feet,  soaking 
away  gradually  into  the  ground.  The  Osdorf  farm  offers  a  very  important  and  convincing  example  of 
the  ef^ciency  of  irrigation-disposal,   which    is   full    of   suggestiveness   for  American    practice. 

An  interesting  account  of  this  work  was  published  in  the  Baltimore  Medical  Chronicle  in  March,  1885, 
in  a  paper  on  "The  System  of  Sewage-Disposal  in  Berlin,  Germany:  an  Object-Lesson  for  some  American 
Municipalities,"  by  Walter   Wyman,  M.D.,   Surgeon   U.    .S.   Marine   Hospital   Service.     It  says  : 

"Taking  the  cars  at  the  Anhalter-Bahnhof,  a  ride  of  twenty  minutes  brought  us  to  the  village  of 
Lichtcnfcldc,  the  nearest  railway-station  to  the  riesclfehlci\  which  are  about  three  miles  distant.  Lich- 
tenfelde  is  a  country-place  of  orilinary  a])pcarance,  with  nothing  about  it  to  indicate  the  proximity  of 
any  nuisance.     The  country  round  about   is  as  level   as   an    Illinois  prairie. 

"  As  we  approached  the  fields  on  foot  (we  were  unable  to  get  a  conveyance)  our  ala  nasortnii  were 
elevated    to   an   angle  of  expectant  attention   and    three    Schneiderian    membranes  were  on    the  qui  vive 
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to  condemn  the  first  polluted  zephyr  from  the  suspicious  territory  about  to  be  explored ;  but  there 
was  no  zephyr  of  the  kind  aforesaid.  Presently  we  were  on  the  borders  of  the  fields  and  made 
our  way  to  a  small  collection  of  houses  called  Osdorf,  inhabited  by  laborers,  etc.,  with  their  families, 
to  the  number  of  about  one  hundred  people.  Finding  the  main  building  and  office,  our  permit  in- 
sured us  polite  attention  and  a  demonstration,  with  diagram,  of  the  method  of  sewage-distribution  and 
disposal  of  the  surplus   water. 

"  On  going  into  the  fields  after  first  noting  the  absence  of  odor  (and  the  day  was  mild)  our  next 
surprise  was  the  entire  absence  of  machinery.  The  pumping-force  of  the  engines  in  Berlin  is  sufficient 
to  throw  the  fluid  to  two  central  distributing  points  through  channels  measuring  respectively  one 
metre  and  seventy-five  centimetres  in  diameter.  From  these  two  central  points  distributing-pipes 
radiate  in  every  direction  for  a  certain  distance,  connecting  with  the  open  courses  or  ditches,  which 
extend  through  the  fields.  At  the  point  of  junction  of  the  pipes  with  the  ditches  valves  are  provided 
for  regulating    the    flow. 

"  There  is  no  reservoir  in  the  ricsclf elder,  the  sewage  being  distributed  as  fast  as  it  is  received.  But 
it  sometimes  happens  that  the  valves  of  a  number  of  distribution-pipes  are  closed  and  at  the  same  time 
an  unusual  amount  of  pumping  is  required  at  the  station  in  Berlin,  thus  causing  a  sudden  excess  of 
sewage.  To  relieve  this,  at  each  of  the  two  central  points  just  named  there  is  erected  a  stand-pipe 
provided  at  the  top  with  an  overflow  which  discharges  into  neighboring  shallow  basins,  sixteen  in  num- 
ber. These  stand-pipes,  with  their  covering,  have  the  appearance  of  small  towers,  their  tops  being 
twenty-one  metres  above  the  level  of  the  city.  The  plain  around  Berlin  is  thirty  or  forty  feet  above 
the   city  level,  and   these  pipes  themselves   are  about  thirty  feet  above  the  level  of  the  plain. 

"  A  watchman  is  constantly  on  duty  at  each  tower  to  give  notice  of  an  overflow  by  means  of  a 
bugle,  calling  upon  the  u'orkmen  to  open  all  the  valves.  An  automatic  arrangement  gives  the  same 
notice  by  means  of  a  flag,  or  at  night  a  lantern. 

"  The  fields  over  which  we  were  looking  contain  5,000  inorgcu,  or  3,333  acres,  one  morgen  being  two- 
thirds  of  an  acre.  They  receive  the  sewage  from  sections  i,  2,  and  3  of  the  twelve  sections  into  which 
Berlin  is  divided.  Five  thousand  cubic  metres  of  liquid  are  distributed  on  to  them  every  twenty-four 
hours,  of  which  25  per  cent,  remains  as  deposit*  and  75  per  cent,  flows  off  as  water.  We  were  informed 
that  for  every  500  persons  there  is  required  about  4  morgen  of  land,  or  2-/^  acres,  and  that  the  area 
of  irrigation  land  required  is  about  one  and  a  half  times  the  surface  of  the  city  drained.  The  fields 
are  very  level  and  divided  off  with  some  degree  of  regularity  b}'  avenues  lined  with  small  trees,  and 
further  by  ditches  and  furrows,  giving  to  the  whole  a  tessellated  appearance.  The  sections  are  of  two 
general  sizes,  the  larger,  called  meadows,  being  used  for  raising  grass,  and  the  smaller,  called  beds,  for  the 
growth  of  vegetables. 

"  We  inspected  a  particular  meadow  containing  about  four  acres,  and  questioned  a  laborer  at  work- 
on  one  of  its  ditches.  It  had  been  flooded  four  days  before  and  was  to  be  flooded  again  the  following 
day.  Its  soil  appeared  simply  dark  and  moist ;  a  ditch  surrounded  it,  two  feet  in  width  and  one  and 
a  half  feet  in  depth,  through  which  the  sewage-fluid  was  slowl\-  running.  The  current  was  made 
stronger,  indeed  quite  forcible,  by  turning  a  valve  at  one  corner  of  the  meadow  where  the  open  ditch 
connects  with  the  distribution-pipe.  To  flood  the  meadow  the  current  is  put  on  at  full  force  and  the 
surrounding  ditch  opened  at  varioLis  points  on  the  meadow-side.  This  particidar  meadow  gave  five 
cuttings  of  grass  last  summer.  We  saw  others  that  had  just  been  flooded  having  the  appearance  of 
shallow  ponds.     About   three   days'  time  is  requii-i:il   f(ir  the   disajjpearance  of  the  water. 

"Besides  grass,  rye,  oats,  wheat,  hemp,  antl  corn  are  raised  ;  and  in  the  beds,  sugar-beets,  carrots,  tur- 
ni[is,  cabbage,  and  chicory.  Cows  are  pasturetl  in  the  fields  and  are  all  health)'.  The  laborer  \\lio  has 
been    employed    here    for    five    years   asserted    that    there    is    no    sickness    common   among    the   workmen 

*  Or  is  cv.iporalcd   [G.  E.  W,,  Jr.] 
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except  rheumatism,  caused  by  working  on  moist  ground  ;  that  sometimes  in  the  summer  strangers  com- 
plain of  the  odor,  but  the  workmen  never.  The  odor  is  chiefly  experienced  in  the  morning,  when  the 
stop-valves  are  opened,  allowing  the  exit  of  gas  that  has  accumulated  in  the  pipes  during  the  night. 
This  passes  off  after  the  fluid  runs  a  few  moments.  There  is  some  stench  also  when  the  ditches  are 
cleaned  out,  as  they  must  be   occasionally. 

"The  remaining  point  to  be  explained  is  the  method  by  which  these  beds  and  meadows  are  pre- 
vented from  becoming  marsh-like  and  soggy  -  in  other  words,  the  drainage.  They  are  all  underlaid 
by  porous  drain  tiles  placed  one  or  more  metres  below  the  surface.  Where  the  soil  is  sandy  the  tiles 
are  about  seven  metres  apart ;  where  it  partakes  of  the  nature  of  clay  they  are  but  three  metres 
apart.  The  water  collects  in  the  tiles,  runs  into  receiving-ducts,  which  empty  into  a  main  ditch.  This 
ditch  discharges  into  a  small  stream  that  flows  into  the  River  Havel,  near  Potsdam.  As  Potsdam  is 
the  summer-seat  of  royalty,  and  the  emperor's  summer  palace  '  Babelsberg '  is  located  directly  on  the 
Havel,  the  statement  may  be  more  readily  believed  that  the  water  discharging  into  the  Havel  is  clear, 
inoffensive,  and  free  from  deleterious  matter." 

"  Altogether  the  system  as  we  observed  it  made  a  favorable  impression.  At  only  one  place  was  there 
any  unpleasant  evidence  of  the  work  that  was  going  on.  This  was  at  the  overflow-basin  adjoining  the 
stand-pipe  in  the  fields,  but   it  was  not  excessive. 

"  Public  opinion  upon  the  system  is  somewhat  divided  in  Berlin,  a  fear  being  entertained  that  in  time 
the  riesclfcldcr  will  be  obnoxious.  At  present,  however,  there  is  every  appearance  of  success,  and  the 
fact  that  the  system  has  grown  with  the  new  growth  of  the  city  (for  Berlin,  now  numbering  1,200,000 
inhabitants,  is  said  to  have  increased  its  population  one-third  since  1870),  and  is  still  being  extended,  is 
proof  that  the  authorities  regard   it  favorably. 

"Old  Germans  returning  from  America  after  ten  or  twenty  years'  absence  express  surprise  at  the 
wholesome  change  wrought  in  the  sanitary  condition  of  the  city,  and  it  is  claimed  that  the  health  of 
the  sections  in  which  it  has  supplanted  the    old  cesspool  system    has  been  improved. 

"  It  is  considered  significant  that  the  River  Spree,  flowing  through  the  city,  contains  many  more  fish 
than  ever  before.  Certainly  Berlin  is  a  clean  city.  Rapidity  of  disposal  and  without  offence  are  two 
characteristics  of  its  sewerage  system,  and  water,  earth,  and  air,  all  in  the  greatest  abundance,  seem  to 
solve  for  it  the  great  sewerage  question." 

Frankfort  has  had  constructed  under  the  direction  of  Mr.  W.  H.  Lindley,  C.  E.,  a  very  complete 
network  of  sewerage  on  the  combined  system,  which  is  especially  noticeable  for  the  excellence  of  its 
workmanship.  The  details  of  its  design  are  beyond  criticism  and  its  operation  is  quite  good.  It  is  the 
best  example  of  the  combined  system  that   I   have  had  the  good   fortune  to  see. 

Extensive  works  are  now  being  constructed  for  the  clarification  of  the  effluent  by  chemical  precipi- 
tation before  its  discharge  into  the  River  Main. 

The  sewerage  of  Dantzic  is  well  known  to  engineers  through  the  description  of  the  work  given 
in  Mr.  Baldwin  Latham's  "Sanitary  Engineer."  It  is  an  example  of  the  combined  system  with  a 
pumping-outlet,  and,  as  with  Paris  and  Berlin,  its  most  interesting  feature  is  its  attendant  sewage-farm. 
This  is  especially  interesting  to  us  in  America,  because  of  its  high  latitude,  on  the  south  shore  of  the 
Baltic  Sea,  and  the  fact  that  its  success,  in  spite  of  frost,  indicates  the  safety  of  meihods  of  irrigation- 
disposal  in  our  Northern  States. 

So  far  as  I  know,  there  are  no  important  examples  of  separate  sewerage  on  the  continent.  A 
small  trial- section  of  my  own  system  in  Paris  has  been  entirely  successful,  but  apparently  without 
influence. 

The  first  practical  recommcndatoiti  for  the  separation  of  sewage  from  storm-water  was  made  in 
England,  probably  by  Mr.  Pilbrow,  who  constructed  the  system  in  Tottenham  in  1852.  The  Blue 
Books    published    by  the    General    Board  of    Health   in    1852,   and    the    many    strenuous    writings    of    Mr. 
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Edwin  Chadwick,  gave  a  great  impetus  to  the  art  of  sewerage,  especially  to  the  use  of  pipe-scwcrs. 
The  extension  of  the  separate  system  in  England  has  been  very  great  indeed.  Its  econoni}-  and  its 
cfificiency  have  led  to  its  adoption  in  many  of  the  smaller  towns,  and  it  is  regarded  as  indispensable  in 
cases  where  artificial  treatment  or  the  pumping  of  the  efifluent  is  required.  The  name  "  separate " 
is  not  strictly  accurate  as  applied  to  English  work.  The  sewers  are  arranged  to  exclude  water  from 
the  surface  of  the  street  and  from  the  ground  generally,  and  often  from  a  considerable  portion  of  the 
roof;  but  in  all  cases  a  greater  or  less  amount  of  back-roof  and  back-yard  water  is  admitted.  Even  in 
Tottenham  gully-stones  in  )ards  were  permitted,  and  in  addition  to  the  rainfall  of  the  yard  ihese  gullies 
also  received  the  overflow  of  water-butts  placed  to  catch  roof-water.  I  am  informed  that  the  changes 
that  have  been  made  in  the  sewerage  at  Tottenham  and  its  great  extension  have  obliterated  its 
earlier  characteristics,  but  they  have  been  carefully  set  forth  in  Mr.  Pilbrow's  description  of  the  work. 

In  examining  the  separate  sewerage  systems  in  England  I  have  found  that  during  rains  their  flow 
is  much  increased,  and  in  some  cases  it  was  evident  from  the  great  impurity  of  the  outflow  that  there 
had  been  considerable  foul  deposits  in  the  sewers  awaiting  the  rain-flush  to  remove  them.  In  some 
cases,  where  artificial  methods  of  disposal  are  resorted  to,  the  increase  of  flow  during  storms  is  greater 
than  the  land  or  tanks  can  take  care  of,  and  the  surplus  is  discharged,  without  purification,  into  the 
water-courses. 

No  system  of  sewerage  has  received  so  much  attention  in  the  literature  of  the  profession  as  that 
of  Captain  Liernur,  which  is  in  use  in  Delft,  in  a  portion  of  Amsterdam,  and  in  a  small  way  in  other 
places. 

I  gave  a  somewhat  minute  description  of  this  system,  with  illustrations  of  its  details,  in  my  "  Sani- 
tary Drainage  of  Houses  and  Towns,"  and  have  kept  m}'self  informed  of  its  later  progress  and  working. 
My  general  conclusion  is  that  it  is  not  suited  for  American  nor  for  English  needs.  It  accomplishes 
its  purpose  in  Holland  in  a  manner  to  elicit  commendation,  and  is  held  in  high  esteem  by  sanitarians 
there.  It  is  a  system  for  the  removal  of  water-closet  wastes,  only,  by  pneumatic  process.  Captain 
Liernur  has  devised  supplementary  appliances  for  the  care  of  other  household  wastes  and  for  the  re- 
moval of  surface-water,  but  the  system  as  carried  out  in  extensive  practice  relates  only  to  water-closet 
matters.  The  latest  publication  on  the  subject  is  a  paper  published  in  1888  b)-  Mr.  Renkema,*  the 
sanitary  officer  of  Utrecht.  From  this  it  would  appear  that  the  allowance  of  water  to  closets  connect- 
ed with  this  system  is  only  about  one  and  one-half  gallons  per  day  per  person.  This  would  not  here 
be  regarded  as  sufficient,  and  this  limitation,  together  with  the  exclusion  of  other  liquid  wastes  from 
the  system,  unfits  it  for  our  use. 

At  the  time  that  this  invention  was  made  the  opinion  prevailed,  and  it  is  not  yet  entirely  obsolete, 
that  the  only  element  of  town  drainage  that  it  was  absolutely  essential  to  treat  as  an  enemy  is  water- 
closet  matter.  It  is  now  well  understood  by  all  who  have  given  attention  to  the  subject  that  this  is 
only  one  of  the  elements  of  danger,  and,  quantity  considered,  not  the  chief  one.  Manufacturers'  wastes 
are  often,  and  kitchen-wastes  are  always,  of  perhaps  paramount  importance,  except  so  far  as  relates  to 
the  communication  of  diseases  of  which  the  germs  accompanj'  excreta  ;  and  other  organic  wastes  once 
infected  with  the  germs  of  such  diseases,  as  they  often  are,  offer  an  equally  good  field  for  their  develop- 
ment. 

It  is  the  inability  of  Liernur's  system  to  cope  with  these  other  materials  that  has  prevented  its 
general  extension.  Were  it  applicable  to  the  heavy  work  of  removing  all  liquid-wastes  without  too 
great  cost   it   would  be  the  best  sanitary  system  thus  far  devised. 

Shone's  system  is  described  in  another  chapter.  The  proper  working  of  this  apparatus  is  not  yet 
to  be  seen  in  this  country.     The  ejector  working  in   the    cit}-  of  Sacramento   is  entirely   under  water  and 

*  Het   Pneumatisch   Rioolslelsel,   Gctoctstaiin   De  Ondervinding  door    G.    Renkema,    Ezn.,    Direcieur    der    Gemeentereiniging  te 
Utrecht. 
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can  be  got  at  only  by  pumping  out  tlie  chamber.  The  one  at  the  Asylum  outside  of  that  city  was  not, 
when  I  saw  it,  working  quite  as  its  inventor  intended  that  it  should  do.  There  is  now  an  agency  for 
the  system  in  Chicago,  but  so  far  as  I  know  the  only  opportunity  of  seeing  it  working  under  proper 
conditions  is  in  England. 

Another  system  of  local  pumping  intended  to  accomplish  the  same  purpose  as  Shone's  system  has 
recently  been  applied  by  Mr.  Baldwin  Latham.  The  medium  for  communicating  power  is  water  instead 
of  air. 

Although  there  are  in  this  country  a  few  good  examples  of  sewage-disposal  by  irrigation  or  agri- 
cultural use,  the  subject  cannot  be  studied  at  all  completely  here.  England  is  the  great  field  of  its 
development,  and  is  the  only  country  in  which  Mr.  Bailey  Denton's  system  of  intermittent  downward 
filtration  is  properly  illustrated  in  actual  work.  The  general  conclusion  from  the  above  would  seem 
to  be  that,  except  for  the  systems  of  Liernur,  Shone,  Latham,  and  Bailey  Denton,  and  for  methods  of 
irrigation-disposal  of  sewage,  there  is  no  special  reason  why  we  should  send  abroad  for  information  on 
the  subject.  Not  only  the  ordinary  sewage-works  of  cities  and  towns  but  the  various  methods  of  par 
tial  clarification  by  chemical  deposition  are  sufificiently  described  in  reports  and  papers,  accessible  to  all, 
to  enable  our  engineers  to  obtain  full  information  concerning  them. 


CHAPIER  XXVI. 

SEWAGE-DISPOSAL. 

BEFORE  discussing  the  processes  of  artificial  disposal,  whether  by  irrigation,  by  filtration,  or  by 
chemical  treatment,  it  is  important  to  consider  the  extent  to  which,  and  the  circumstances 
under  which,  artificial  disposal  is  necessary. 

The  ultimate  destination  of  all  dead  organic  matter  is  to  what  we  call  destruction — i.e.,  to  the 
condition  which  precedes  reconstruction.  The  dead  plant  or  the  dead  animal  becomes  in  time  food 
for  the  living  plant  or,  directly  or  indirectly,  for  the  living  animal.  We  may  delay  the  process  of 
destruction ;  we  cannot  prevent  it.  We  may  chill  our  wastes,  or  seal  them  up,  or  pickle  them  with 
antiseptic-,  but  these  will  only  delay  the  progress  toward  ultimate  destruction,  and  ultimate  destruc- 
tion is  the  only  end  of  complete  disposal.  The  more  rapidly  and  the  more  completely  destruction  is 
secured,  within  practical  limits,  the  more  satisfactory,  from  a  sanitary  point  of  view,  will  be  our  dis- 
posal process. 

The  artificial  methods  of  disposal  tend,  most  of  them,  to  rapid  destruction.  The  most  important 
question^  whether  or  not  these  should  be  adopted,  is  first  of  all  to  be  answered.  If  we  have  a  satisfac- 
tory means  for  getting  rid  of  our  wastes  without  artificial  aid,  so  much  the  cheaper,  and  so  much  the 
better.  In  considering  the  alternative  we  must  have  in  view  two  conditions:  one,  where  the  sew- 
age is  already  in  an  advanced  state  of  decomposition,  and  the  other  where  its  decomposition  has  not 
yet  begun  The  different  influences  of  these  two  kinds  of  sewage  on  any  river  or  other  water  into 
which  they  may  be  discharged  is  great ;  and  often  the  question  as  to  whether  or  not  the  sewage  of  a 
given  town  may  safely  be  delivered  into  a  given  body  of  water  is  to  be  answered  affirmatively  or  nega- 
tively,  according  as   the  sewage   is   fresh   or   foul. 

Divested  of  all  unnecessary  complications,  the  inevitable  problem  of  sewage-disposal  relates  solely 
to  the  destruction  of  the  fresh  wastes  of  houses  or  towns,  including  fresh  fscal-matter  and  urine,  a  cer- 
tain amount  of  the  waste  products  of  slaughter-houses,  and  so  much  as  it  may  be  thought  safe  and 
proper  to  accept   of   the  wastes  of   industrial    establishments. 

That  is,  when  it  becomes  a  question  ^\  hether  to  discharge  sewage  into  a  body  of  water  or  to  dispose 
of  it  in  some  more  expensive  manner,  it  may  always  be  divested  of  the  embarrassing  incidents  of  putre- 
faction, of  miscellaneous  rubbish,  and  of  deleterious  industrial  discharges.  Whether  or  not  it  is  worth 
while  so  to  simplify  the  problem  is  purely  a  question  of  cost.  There  are  doubtless  many  instances, 
especially  in  the  case  of  the  smaller  towns,  where  such  simplification  would  lead  to  much  the  most 
economical   solution   of   the   question. 

Let  us  now  endeavor  to  divest  ourselves  of  all  we  have  learned  by  tradition  and  by  common  report 
as  to  the  foul  and  offensive  character  of  sewage  and  as  to  the  serious  consequences  of  its  delivery  into 
rivers  and  harbors.  Looking  at  the  subject  in  an  unprejudiced  way,  we  find  that  practically  all  we 
have  to  dispose  of  is  vegetable  and  animal  matter,  some  of  which  has,  and  some  of  which  has  not,  served 
as  food    for  man   or  beast,   and    none  of  which    is  in  a   putrid   condition. 

Considering  only  the  best  way  to  get   rid  of  this  waste,  we  will  assume  that  so  long  as  it  is  subject 
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to  treatment  we  prevent  its  putrefaction,  prevent  its  unnecessary  dilution,  and  exclude  from  it  all  in- 
jurious chemical  wastes. 

What  we  have  to  deal  with  is  something  very  different  from  ordinary  "sewage."  The  difference, 
if  we  can  maintain    it,   is  a  radical  one,   affecting  methods    of  disposal   in  a  radical  way. 

Such  sewage  is  substantially  a  mi.xture  of  the  gutter-wash,  such  as  flows  in  dry  weather  in  the 
gutters  of  Baltimore,  large  parts  of  Philadelphia,  and  many  other  American  towns,  as  well  as  most 
European  cities,  with  the  discharge  of  clean  and  well-kept  water  closets  and  the  greasy  wastes  of 
kitchen-sinks. 

If  this  matter  were  thrown  on  to  an  impermeable  out-of-door  surface,  the  whole  of  it,  freed  from  its 
water,  would  be  consumed  by  swine,  dogs,  poultry,  birds,  insects,  animalculse,  and  bacterial  growth. 
That  is,  it  would  be  converted  into  animal  food,  or  would  be  subjected  to  a  process  of  oxidation  preparing 
it  for  the  nutrition  of  plants.  Were  it  discharged  into  or  on  to  a  permeable  soil,  its  finer  portions  and 
its  dissolved  portions  would  be  carried  into  the  ground,  making  no  other  manifestation  of  themselves 
than  in  an  increase  of  its  fertilit}-.  Were  the  whole  discharged  into  an  ordinary  river,  the  whole 
would  be  consumed  by  fish,  large  and  small,  by  aquatic  insects  and  animalculse,  by  the  growth  of  water- 
plants  and  algae,  or  reduced  by  the  more  minute  organisms  to  a  state  of  complete  oxidation. 

This  is  the  tlicoretical  result  tliat  would  be  expected  If  we  knew  nothing  of  the  difficulty  of 
getting  rid  of  sewage-wastes  we  should  not  hesitate  to  accept  it  as  a  complete  solution.  Let  us  now 
work  backward  and  see  what  are  the  practical  limitations  which  may  defeat  us. 

If  we  depend  on  irrigation  we  should  not  encumber  our  outflow  with  anything  of  an  unfertilizing 
character,  nor  should  we  unduly  increase  the  amount  of  water  in  which  the  filth  is  carried  ;  nor  should 
we   subject   its   volume   to   great   daily  variations. 

If  we  are  to  discharge  the  outflow  directly  into  a  river,  the  amount  of  water  contained  is  of  no 
consequence  ;  the  more  the  better ;  and  it  is  immaterial  whether  the  daily  amount  be  regular  or  irregular. 
What  we  must  especially  look  out  for  is  the  exclusion  of  everything  which  might  tend  to  drive  away 
or  to  diminish  animal  life  in  the  water  into  which  the  sewage  is  discharged — avoiding  the  excessive 
admixture  of  lime  or  the  admission  of  the  wastes  of  works  whose  outflow  would  for  any  reason  be 
poisonous  or  injurious  to  aquatic  life. 

If,  therefore,  we  avoid  an  excess  of  water  where  irrigation-disposal  is  the  aim,  and  avoid,  where  a 
water-discharge  is  adopted,  all  injurious  ingredients,  we  may  look  for  the  best  results  of  which  these 
methods  of  disposal  are  capable. 

In  the  case  of  irrigation  the  result  should  be  entirely  good.  In  the  case  of  discharge  into  streams 
we  have  to  contend  with  the  effect  of  putrefaction  of  the  larger  organic  but  not  edible  substances 
discharged.  Whether  or  not  this  would  of  itself  be  sufficient  to  drive  away  the  natural  scavengers 
of  the  river  we  have  as  yet  little  experience  to  show,  but  it  is  undoubtedly  true  that  the  capacity  of 
a  given  volume  of  water  to  secure  the  inoffensive  disposal  even  of  fresh  sewage  is  limited. 

It  will  be  easy  under  any  system  of  sewerage,  by  a  proper  regulation,  to  withhold  poisonous  chemi- 
cals  and    other  materials   known    to   be   distinctly   injurious   to    fish. 

What  we  cannot  withhold  is  the  chemical  products  of  putrefaction  taking  place  within  the  mass 
of    sewage   itself. 

While  fresh  sewage  will  be  greedily  devoured  on  shore  or  in  the  river,  putrid  sewage,  sewage  as 
the  world   knows   it,  will   drive  away  many  of   the  higher  organisms  which   would   otherwise  consume  it. 

For  application  to  the  land,  it  probably  matters  little,  so  far  as  crops  are  concerned,  whether  the 
sewage  be  in  a  tolerably  advanced  state  of  putrefaction  or  not.  Its  immediate  effect  on  vegetation  will 
probably  be  more  active  if  decomposition  is  well  advanced,  but  the  total  effect  will  be  less.  The  prin- 
cipal drawback  in  this  case  relates  to  the  offensive  odors  attending  its  distribution ;  but  even  this  is 
slight,  and   of   slight  duration. 
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Putrid  sewage  delivered  into  a  river  below  the  surface  of  the  water  is  not  very  objectionable  on  the 
score  of  odor,  no  matter  what  its  condition  may  he,  until  it  shall  have  accumulated  to  too  great  a 
degree. 

Putrefaction  has  been  thus  far  an  almost  universal  accompaniment  of  all  discharges  of  town-sewage 
into  rivers  or  harbors  or  into  the  sea.  How  far  disposal  may  be  simplified  and  facilitated,  if  scrupulous 
care  is  taken  to  deliver  into  I  he  water  only  what  it  is  indispensable  to  send  there,  and  to  deliver  that 
alwaj's  in  the  condition  in  which  it  is  first  relegated  to  the  realm  of  waste,  only  experience  can 
teach   us. 

One  thing  seems  certain  :  We  are  by  no  means  now  in  a  position  to  accept  as  a  demonstrated  fact 
the  impossibility  of  a  very  wide  extension  of  the  system  of  the  direct  discharge  of  fresh  sewage  into 
rivers. 

Indeed,  recent  discussions  on  the  subject  in  England  indicate  a  growing  disbelief  in  anj'  such 
impossibility. 

Sir  J.  B.  Lawes,  of  Rothamsted,  has  recently  announced  in  the  Agricultural  Ga::cttc  his  belief  even 
that  the  delivery  of  sewage  into  the  sea  is  by  no  means  so  wasteful  a  process  as  has  been  supposed. 
He  says : 

"The  question  as  to  what  extent  the  fish  annually  taken  from  the  sea  that  surrounds  our  coasts 
are  directly  or  indirectly  supported  by  the  sewage  and  debris  carried  down  by  our  rivers  is  somewhat 
difficult  to  answer.  I  propose  to  bring  forward  such  evidence  as  we  possess,  and  then  leave  your  readers 
to  form  their  own  conclusions  on  the  subject.  In  Professor  Huxley's  address  given  at  the  Fisheries 
Exhibition  at  South  Kensington-  he  pointed  out  the  superior  productive  powers  of  a  given  area  of  the 
sea  in  fish  to  those  of  an  equal  area  of  arable  land,  or  pasture,  in  the  production  of  corn  or  meat. 
Professor  Huxley  estimates  that  'once  in  a  year  an  acre  of  good  land  will  produce  one  ton  of  corn, 
or  two  or  three  hundred-weight  of  meat  or  cheese,  while  an  acre  of  sta-bottom  in  the  best  fishing- 
ground  yields  a  greater  weight  of  fish  every  week  in  the  )'ear.'  The  chemical  composition  of  fish 
does  not  differ  much  in  some  of  their  most  important  ingredients  from  that  of  the  stock  fed  on  our 
farms.  In  1,000  lbs.  of  sprats  Professor  Way  found  20  parts  of  nitrogen,  8^2  of  phosphoric  acid,  and 
4/^  of  potash.  In  the  animals  of  the  farm  at  Rothamsted  we  found  about  20  parts  of  nitrogen,  10  to 
12  parts  of  phosphoric  acid,  and  i^  of  potash.  Although  varying  in  their  relative  proportions,  it  will 
be  observed  that  these  important  ingredients  are  almost  the  same  in  fish  as  in  cattle  or  sheep,  amounting 
in  each  case  to  about  33  parts  in  1,000.  Of  fat  or  oil  the  sprat  contains  about  19  per  cent.,  which  is 
much  the  same  as  we  found  in  a  store  sheep  or  ox  ;  but  in  the  case  of  the  animals  this  amount  is  con- 
siderably increased  by  the  time  the  stock  is  fit  for  the  butcher.  The  valuable  library  of  fish  literature 
which  had  its  origin  in  the  South  Kensington  Exhibition  contains  a  great  deal  of  information  regarding 
the  food  of  fish.  We  learn  that  they  are  carnivorous,  and  that  the  big  fish  prey  upon  those  which  are 
smaller.  In  the  report  of  the  Rivers  Pollution  Commission,  Professor  Frankland  speaks  of  organisms 
so  small  as  to  pass  through  the  finest  filters;  the  sea,  therefore,  appears  to  contain  alike  the  most 
gigantic  and  the  most  minute  forms  of  life.  In  the  case  of  agriculture  long  experience  has  shown 
that  exhausted  soils  can  be  restored  to  fertilit)-  by  the  application  of  manures,  and,  as  I  mentioned 
above.  Professor  Huxley  speaks  of  an  acre  of  good  land  j-ielding  as  much  as  a  ton  of  corn.  At  Rotham- 
sted, by  a  very  liberal  application  of  nitrogen,  phosphoric  acid,  and  potash,  we  have  grown  about  this 
amount  of  wheat  on  one  of  our  fields  for  40  years  in  succession ;  but  Professor  Huxley  speaks  of  an 
acre  of  the  best  fishery-ground  yielding  a  like  weight  in  fish  e\-ery  \\  eek.  What,  then,  is  the  source  of 
this  wast  amount  of    manure  ingredients  which  is    taken  out  of    the   sea  apparently  without    restoration  ? 

"  Before  referring  to  the  source  of  the  food  of  sea-fish  I  will  say  a  few  words  on  the  sources  of 
food  for  fish  in  rivers  and  lakes.  Fish  have  one  great  advantage  o\-er  animals  from  their  not  using  up 
a  large  amount  of  food  in  merel}'  keeping  up  the  temperature  of  the  hw\\  ;  hut  to  increase  in  weight 
they  require  a  supply  of  nitrogen,  phosphoric  acid,  and  potash,  which  sui)sl.uKes  must  be  obtained 
either  from  the  water  or  from  the  bed  of  the  ri\'er  or  Like.  If  the  source  of  tlie  ri\er  is  uncultivated, 
or  consists  of  rocky  or  peaty  ground,  and  the  bed  of  the  ri\er  o\  !ake  is  likewise  rock,  it  will  be  use- 
less   to  look     for  an    abundance    of    fish.   .  .  .  The    rivers  which   lia\e   their   source    in   the    Highlands  of 
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Scotland  frequently  contain  no  nitric  acid  ;  there  is  nothing  to  support  an  aquatic  vegetation,  or  the 
animalculse  which  live  upon  it,  and  consequently  there  is  but  little  food  for  the  fish.  It  is  true  that  a 
considerable  number  of  salmon  are  found  in  some  of  these  rivers  at  certain  periods  of  the  year,  but 
it  is  well  known  that  they  take  little  or  no  food,  as  they  go  up  for  the  purpose  of  spawning,  and 
lose  considerably  in  weight  during  the  process  ;  this,  therefore,  is  quite  a  different  case  As  a  matter 
of  fact,  many  of  the  most  beautiful  lakes  and  rivers  in  Scotland  are  very  bare  of  fish.  In  a  district 
with  which  I  am  well  acquainted  in  the  Highlands  there  are  a  number  of  small  streams  containing 
trout  which  rarely  exceed  one  or  two  ounces  in  weight.  In  two  of  these  streams,  however,  much 
larger  fish  are  taken.  One  receives  the  drainage  from  a  kennel  of  dogs,  and  the  other  the  drainage 
from  a  highly  manured  potato-field.  Close  to  where  I  reside  in  Hertfordshire,  the  Ver,  or  Colne,  has 
its  origin  in  the  chalk.  The  bed  of  the  river  is  just  now  quite  dry  owing  to  the  low  rainfall,  but 
trout  will  grow  to  four  or  five  pounds  in  weight,  although,  as  a  rule,  there  is  hardly  water  enough  to 
cover  their  backs.  The  water  in  this  stream  springs  from  the  chalk  ;  it  contains  an  abundance  of  nitric 
acid,  and  is  celebrated  for  the  water-cresses,  which  are  grown  for  the'  market  in  large  quantities. 
These  are  manured  with  superphosphate  of  lime,  and  if  ever  the  cultivation  of  fish  becomes  a  trade  in 
England  this  phosphate  will  play  an  important  part  in.  increasing  their  production.  Sewage  must 
therefore  largely  increase  the  production  of  fish,  provided  that  it  is  sufficiently  diluted  and  does  not 
interfere  with  their  health.  In  rivers  and  lakes  a  knowledge  both  of  the  ingredients  contained  in  the 
water,  as  also  of  those  in  the  soil  which  forms  the  bed  of  the  water,  will  give  tolerably  correct  infor- 
mation regarding  its  capability  to  produce  fish. 

"  When,  however,  we  come  to  the  consideration  of  the  fish-producing  properties  of  the  sea  we 
have  to  deal  with  a  problem  of  far  greater  complications  and  uncertainties.  In  the  valuable  map  con- 
structed by  Vice-Admiral  his  Royal  Highness  the  Duke  of  Edinburgh,  K.G.,  we  are  informed  that 
471,000  tons  of  fish  are  caught  on  the  east  coast  of  Scotland  and  England,  117,534  tons  on  the  south 
coast  of  England,  but  only  37,405  tons  on  the  west  coasts  of  England,  Scotland,  and  all  Ireland.  It 
appears,  therefore,  that  about  96  per  cent,  of  the  fish  are  caught  between  Wick  and  the  Land's  End, 
although  the  coast-line  must  be  very  much  less  than  that  which  extends  from  the  north  of  Scotland 
to  the  Land's  End,  including  the  circuit  of  Ireland.  So  long  as  fish  live  upon  each  other,  the  sea 
much  resembles  a  soil  covered  by  a  forest  untouched  by  man.  Codfish  eat  herrings,  and  they  in  their 
turn  eat  smaller  fish  ;  but  there  is  no  exhaustion  of  ingredients.  When,  however,  over  600,000  tons 
are  removed  from  a  given  area  of  water  by  our  own  fishermen,  while,  in  addition,  large  quantities  are 
taken  by  the  fishermen  of  other  nations,  the  source  of  this  vast  amount — of  what  in  agriculture  we 
should  describe  as  fertility — becomes  an  interesting  question.  About  one-half  of  the  whole  of  the  fish 
captured  consists  of  herrings  ;  and  as  in  their  chemical  composition  they  much  resemble  sprats,  I  will 
take  the  analysis  of  sprats  for  my  basis.  I  find  that  of  the  three  substances,  nitrogen,  phosphoric  acid, 
and  potash — the  removal  of  which  in  crops  or  stock  impoverishes  our  soils — about  21,000  tons  are  re- 
moved  in  the  fish  every  year. 

"  There  has  been  a  very  prevalent  opinion  that  the  sewage  of  London  has  been  wasted.  The  evi- 
dence which  I  have  brought  forward  will,  I  venture  to  hope,  not  only  do  away  with  this  impression, 
but  will  also  establish  the  fact  that  it  has  a  decided   influence  on  the  production  of  fish." 

Concerning  this  opinion.   Professor  Corfield  says:* 

"In  a  letter  to  the  Times  of  December  29,  1884,  Sir  John  Lawes  reproduces  the  arguments  as  to 
the  influence  exerted  by  the  sewage  of  London  on  the  production  of  fish  in  the  sea,  which  were 
contained  in  his  evidence  before  the  Royal  Commission  on   Metropolitan  Se\vage-Discharge. 

"With  this  letter  should  be  read  one  by  Mr.  Charles  E.  Fryer,  of  tiie  Government  Fisheries 
Department,  which  appeared  in  the  Times  of  January  3,  1885.  Mr.  Fryer  in  this  letter  says  "the 
fishery  of  all  others  that  has  shown  the  most  marvellous  growth  is  the  Scotch  herring  fishery,  which 
has  always  been  prosecuted  far  from  the  influence  of  sewage-discharge,  and  is  every  year  being  carried 
on    mure   and    more   successfully  at   a  greater  distance   from   the  shore.       If  sewage  or  an}-  other  artificial 

*"Tlio    Tre.itmetit  and   Utilization  of  Sewage,"  by  W.  H.  Cnrfield,  M.-A.,  M.D.  (Oxon.),  tliiid   edition,  revised   and  enlarged 
by  llic  auhor  and  Louis  C.   Parkes,   M  D.     London  :    Macniillan  &  Co      1887. 
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stimulant  were  required  to  maintain  the  productiveness  of  any  of  our  fislieries  against  possible  exhaustion, 
the  herring  fisheries  would  surely  have  been  the  first  to  show  signs  of  the  need. 

"  The  analogy  drawn  by  Sir  John  Lawes  between  the  fertility  of  the  soil  and  the  fertility  of  the 
sea  he  shows  to  be  fallacious,  for  '  the  removal  of  so  many  tons  of  adult  fish  capable  of  devouring  their 
neighbors  and  of  living  on  the  other  food  which  the  sea  supplies  is  only  so  much  relief  to  the  drain 
on  the  fertility  of  the  sea  which  their  presence  would  entail,'  and  cannot,  of  course,  be  compared  to  the 
exhaustion  of  the  productiveness  of  a  soil  by    repeated  cropping. 

"  Finall}',  Mr.  Fryer  proceeds  to  show  that  the  600,000  tons  of  fish  annually  brought  ashore,  for  the 
abstraction  of  which  from  the  sea  Sir  John  Lawes  calculated  that  the  sewage  of  London  would  afford 
a  direct  compensation,  are  collected  from  an  area  of  about  150,000  square  miles,  \\\\.\\  a  maximum 
depth  of  about  350  feet. 

" '  How,'  he  asks,  '  are  the  constituents  of  London  sewage  to  be  spread  with  anything  like  uni- 
formity over  this  vast  area?  What  proportion  of  those  constituents  will  the  various  marine  fauna  and 
flora  receive?  If  Sir  John  Lawes  had  proposed  that  the  sewage  of  London  should  be  carried  into 
the  middle  of  the  German  Ocean,  when  the  action  of  the  winds  and  tides  and  currents  would  have 
spread  it  in  various  directions,  giving  the  fish  the  opportunity  of  eating  what  they  wanted  and  reject- 
ing the  rest,  which  I  fancy  would  be  the  greater  portion,  I  could  have  understood  that  some  advan- 
tage might  acrue.'  The  advantage  being  that  the  sewage,  '  instead  of  fermenting  and  becoming  putrid 
in  the  narrow  estuary  of  the  Thames,"  would  be  dissipated  harmlessly,  with  little  risk  of  either  water 
being  poisoned  or  of    sea-bottom    being  silted   up  with    noisome  slime." 

It  is  to  be  understood  that  Sir  John  Lawes  regards  the  sewage  not  as  the  immediate  food  of 
the  herring,  but  as  the  food  of  consecutive  series  of  aquatic  life,  finally  reaching  a  form  that  travels 
to  the  North  Sea  and  becomes  food  for  herring.  Mr.  Fryer  should  remember  that  "  devouring  their 
neighbors "  is  the  modus  operandi  of  the  production  of  fish  large  enough  for  our  uses.  The  fertility 
of   the  sea  is  developed  by  a  succession    of   such   cannibalism  from    stage   to   stage    of  growth. 


PRACTICAL   DISPOSAL. 

It  is  not  likely  that  towns  situated  on  great  rivers  or  on  the  sea-coast  will,  for  a  long  time  to 
come,  give  thought  to  any  other  disposal  of  their  sewage  than  its  discharge  directl}'  into  the  river  or 
into  the  sea.  As  the  country  fills  up,  and  as  towns  situated  on  small  streams,  or  on  no  stream,  in- 
crease in  size  and  in  wisdom,  they  must,  per  force,  seek  for  some  means  to  get  rid  of  the  copious 
flow  of   \\'ater  made  foul   by  its   passage   through  the   houses   and  shops  of  the  people. 

The  indications  are  clear  that  legislative  control  of  this  matter  cannot  long  be  delayed,  and  there 
is  no  more  intricate  or  more  interesting  problem  now  presented  to  the  sanitarian  than  the  correct 
solution  of  this  great  question  of  the   future. 

Its  final  solution  implies  a  better  acquaintance  with  the  ultimate  methods  of  organic  decomposi- 
tion and  of  filtration  than  any  one  now  possesses.  It  seems,  however,  as  though  the  scientific  world 
had  at  last  reached  the  threshold  of  real  knowledge  concerning  the  processes  by  which  organic  matter 
is  converted  into  those  mineral  compounds  which,  inoffensive  and  innoxious  in  themselves,  become  in 
the  economy  of  life    the  direct   food  of  growing  plants. 

It  is  these  processes  that  we  must  employ  in  the  successful  destruction  of  all  organic  waste  other 
than  such  as  is  consumed  by  fire.  They  go  on  in  spite  of  us  ;  we  may  delay  them,  or  conceal  them, 
or  change  the  seat  of  their  activity  ;  we  may  hasten  them,  or  modify  them,  but  we  cannot  prevent 
them.  Sooner  or  later,  by  combustion,  by  direct  putrefaction,  or  by  indirect  fermentation,  they  will 
work  their  destructive  end,  bringing  all  matter  that  has  once  lived  again  hack  to  the  domain  of  life. 
The  cycle  is  unceasing,  and  according  to  our  action  concerning  it  or  according  to  our  neglect  will  its 
influence  be  good  or  bad.     Thus  far  we  are  not  quite  sure  how  our  action  should  be  guided. 
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While  we  await  more  intimate  knowledge  on  the  subject,  we  may  apply  successfully,  and  in  the 
right   direction,  a    few   general  principles  concerning  the   preliminary   processes  of  disposal. 

The  various  methods  of  "  dry  conservancy,"  such  as  the  earth-closet,  the  ash-closet,  and  the  movable 
tub,  to  which  much  attention  has  been  given  and  by  which  some  success  has  been  achieved,  relate  mainly 
to  the  disposal  of  solid  faeces,  that  relatively  small  portion  of  our  offscourings  that  is  offensive  when 
first  produced.  They  leave  practically  uncared  for  a  large  part  of  the  urine,  all  fouled  liquids,  and 
the  very  important  item  of  kitchen-waste.  Without  undervaluing  the  relief  that  they  afford,  with  refer- 
ence to  fsecal  matters  and  its  menace  of  direct  infection,  it  must  still  be  considered  that  they  by  no 
means  serve  to  abate  the  general  nuisance  that  the  life  of   every  community  tends  to  create. 

The  coarser  garbage  and  all  that  may  be  included  in  the  somewhat  vague  term  of  "swill"  we 
shall  probably,  for  a  long  time,  especially  in  towns  of  moderate  size,  be  able  to  turn  to  some  ac- 
count, at  least  to  secure  its  final  disposal  without  direct  injury  to  ourselves  or  our  neighbors.  All 
that  comes  under  the  generic  head  of  "  sewage  " — ?'.£•.,  all  of  the  water  which  has  served  its  purpose  in 
the  household  and  in  the  factory,  and  has  been  discharged  with  its  burden  of  refuse  organic  matter — 
must  be  treated  separately  and  completely. 

As  already  intimited,  the  withdrawal  from  the  liquid  outflow  of  offensive  fsecal  matter  hardly 
lessens  the  magnitude  of  the  problem,  which   may  be  comprehensively   stated  thus  : 

To  restore    to  organic  life    all  organic    products    zvliich    have  fulfilled    their   office   in   consumption    by   the 
community  and  are   rejected  as    water-carried  wastes. 

The  substances  thus  to  be  restored  must  not  be  confounded  \\\t\\  the  water  by  which  they  are 
borne.  So  long  as  they  remain  in  their  fresh  condition  they  may,  b}'  filtration,  be  entirely  removed 
from  the  liquid,  the  whole  volume  of  the  water  being  regained  in  a  substantially  pure  condition.  In 
other  words,  what  we  have  to  dispose  of  is  not  the  water  which  carries  the  wastes— only  the  wastes 
themselves.  The  water  is  a  mere  vehicle,  which,  having  performed  its  duty  of  transportation,  needs 
only  to  be  discharged  of  its  burden,  while  the  burden  itself  must  be  as  completely  destroyed  as  it  ^\■ould 
be  by  burning  in  a  furnace.  While  the  water  is  theoretical!},'  only  a  means  of  convej-ance,  it  is  practi- 
cally an  encumbrance,  greater  or  less  according  to  its  quantity,  and  our  first  care  should  be  so  to 
arrange  our  appliances  for  removal  that  its  volume  shall  be  as  little  as  is  consistent  ^\■ith  a  complete 
performance  of  the  work.  Practically,  while  the  water  in  itself  is  not  objectionable,  it  constitutes, 
when  mixed  with  waste  matters,  the  most  serious  mechanical  element  with  which  we  have  to  deal. 
Could  the  refuse  matters  be  completely  separated  and  treated  by  themselves,  there  are  many  simple 
ways  in  which  they  might  be  made  not  only  inoffensi'/e  but  positively  useful.  The  fact  that  they 
cannot  be  economically  separated  by  any  process  yet  devised,  and  so  made  available  for  commercial 
treatment,  is  the  cardinal  fact  on  which  the  difficulty  of  sewage-disposal  depends.  Therefore,  the  first 
care  should   be   given   to   a   control    of  the   volume   of  water   to   be  used. 

While  this  must  be  sufficiently  copious  to  secure  the  com.plete  removal  of  all  that  portion  of  our 
waste  that  is  delivered  into  drains  and  sufificicntly  copious  to  maintain  the  drains  themselves  in  a  cleanly 
condition,  it  must  not  be  unnecessarily  increased  and  thus  made  the  source  of  added  trouble  in  the 
ultimate  processes  of  purification.  Whatever  method  of  final  disposal  may  be  adopted,  whether  by 
irrigation,  by  artificial  filtration,  b)'  mechanical  deposition,  or  by  chemical  combination,  its  volume 
should  be  uniform  ;  it  should  be  practically  the  same  day  after  day.  This  implies  the  complete  exclu- 
sion  from   the   sewage   of  the   var\-ing  intermittent   added   volumes  due   to   rainfall. 

Mr.  Charles  H.  Latrobc,  C.K.,  describes  a  proper  system  of  sewerage  as  being  "an  efficient  and 
well-regulated  machine  for  the  purposes  specified  :  namely,  the  speedy  and  unobjectionable  removal  of 
water-borne  filth,  and   its   delivery   as  a  substantially  uniform   product   at  such   a  point  as   is  desired,  and 
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in  a  condition    capable    of    treatment   in  a  uniform   manner  by  a  uniform    plant,  whether    chemical,  me- 
chanical, or  otherwise." 

Without   entering  at   all    into  the    general  discussion    as  to  the    advantages  or  disadvantages   of  the 
separate  system  of  sewerage,  it   will  be  assumed,  for  present  purposes,  that  the  entire  water-borne  waste 
of  the     community    is   mixed   with   only   so    much   water   as  is  necessary   to   fulfil  the   above-named   con 
ditions,  and  that  the  daily  volume  of  discharge  is   substantially  uniform. 

The  question  now  arises:  What  shall  be  done  with  this  uniform  volume  of  fouled  water?  Not 
to  complicate  this  question  by  considering  what  may  perhaps  be  advisable,  under  special  circumstances, 
but  what  generally  is  not  necessary — chemical  treatment — we  may  with  advantage  confine  our  attention 
to  filtration  and  irrigation,  which  latter  may  or  may  not  be  a  process  of  filtration,  and  to  purif}-ing 
processes  active  in   foul  water  itself  when  exposed  to  the  air. 

One  of  the  simplest  forms  of  artificial  filtration  is  that  recommended  by  Mr.  Croes  in  his  project 
for  the  sewerage  of  East  Orange,  N.  J.,  being  the  use  of  the  Oldham-Farquhar  filter,  with  sawdust  as 
the  filtering  medium.  This  would  not  leave  the  escaping  water  sufficiently  pure  for  domestic  use,  but 
it  is  assumed  that  it  would  make  it  fit  for  introduction  into  any  water-course  from  which  a  domestic 
water-supply  is  not  immediately  taken.  The  sawdust  acts  as  a  strainer  and  clarifier  rather  than  as  a 
purif}-ing  filter.  By  the  use  of  an  ingenious  mechanical  contrivance  the  mass  is  prevented  from  be- 
coming too  much  compacted  and  clogged,  and  the  upper  portion,  containing  all  of  the  coarser  mat- 
ters, is  from  time  to  time  removed  for  partial  desiccation  and  destruction  by  fire.  WHierever  land  is 
no-t  available  for  irrigation,  this  may  be  a  satisfactory  process.  Its  use,  however,  is  not  likely  to  be- 
come general  nor  to  be  adopted  by  towns  which  can,  even  with  considerable  cost  and  inconvenience, 
obtain  suitable  land   for  irrigation. 

Indeed,  it  seems  hardly  extravagant,  in  view  of  the  experience  already  obtained,  to  assume  that 
some  form  of  application  to  the  soil  is  to  be  almost   universally  adopted  in   artificial  purification. 

The  degree  to  which  the  purification  of  sewage  b)-  application  to  the  soil  is  to  be  regarded  as  filtra- 
tion depends  entirely  on  the  relation  between  the  volume  of  sewage  and  the  area  of  land.  Where 
the  area  is  very  great,  and  the  amount  of  sewage  is  only  such  as  may  be  absorbed  by  the  surface-soil 
and  retained  until  given  off  by  evaporation,  there  is  practically  no  filtration  ;  where  the  volume  of 
sewage  is  very  great  and  the  area  of  the  land  restricted — i.e.,  where  the  amount  of  liquid  applied  to 
the  land  is  greater  than  it,  and  the  crops  growing  upon  it,  can  discharge  by  evaporation — then  the 
surplus  descends  to  the  subsoil,  by  filtration,  to  be  removed  b}'  natural  or  artificial  under-drainage. 
The  amount  that  may  be  removed  by  evaporation,  especially  while  vegetation  is  active,  is  much 
greater  than  would  be  supposed.  In  experiments  made  on  a  large  scale  in  connection  with  the  irriga- 
tion-works of  Paris,  at  Gennevilliers,  Marie-Davy  found  that  of  sewage  delivered  upon  soil  in  a  large 
artificial  reservoir,  at  the  rate  of  24,000  cubic  metres  per  hectare  in  six  months,  sewage  reached  the 
tight  bottom  of  the  tank,  six  feet  below  the  surface,  to  flow  off  through  the  under-drains  only  at  the 
rate  of  1,600  cubic  metres.  In  winter  the  evaporation  would  be  much  less,  and  during  extreme  cold 
weather  still  less.     At  the  same  time,  under  all  circumstances,  it  is  an  important  factor  to  be  considered. 

Whether  the  water  descends  slowly,  leaving  its  impurities  attached  to  the  soil  and  flowing  off 
pure,  or  whether  it  is  discharged  into  the  atmosphere  b\-  evaporation  from  the  surface,  lea\'ing  its 
impurities  in  like  manner,  the  principle  is  the  same.  In  one  way  or  the  other  the  water  is  eliminated, 
and  the  impurities  it  has  carried  are  deposited  on  the  surfaces  of  the  particles  of  the  soil.  Thus  far 
the  waste  matters  have  been  removed  from  the  water;  they  have  not  yet  been  "got  rid  of." 

Precisely  what  change  they  undergo,  and  in  what  way,  is  not  fully  determined,  but  we  are  justified 
by  investigations  already  made  in  accepting  a  thcor\-  which  accounts  for  the  remarkable  results  with 
which  we  are  familiar  and  wliich  is  in  accordance  with  such  knowledge  as  we  now  possess.  The  engi- 
neers, chemists,  and  biologists  who  have  made  a  study  of    the  works  at  Gennevilliers  show  good    reason 
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for  their  belief  that  the  organic  matter  thus  deposited  becomes  food  for  the  bacteria  of  putrefaction 
antl  nitrification  wliicli  are  abundant  in  all  soils  containing  organic  matter,  and  to  which  the  air  has 
free  access.  They  believe  that  in  a  porous  soil,  suitabl)'  constituted  and  containing  the  impurities  of 
town  sewage,  these  bacteria  multiply  enormously,  consLiming  the  pabulum  presented  to  them,  com- 
bining with  it  the  oxygen  of  the  air  with  which  the  soil  is  pervaded,  and  reducing  it  entirely  to  such 
inorganic  compounds  as  constitute  the  food  of  plants  available  for  the  uses  of  vegetation  during  the 
proper  season,  and  readil}-  removed  in  solution  by  the  water  percolating  through  the  ground  at  all 
times.  The  complete  destruction  of  these  wastes,  as  organic  matter,  is  effected  before  they  are  taken 
up  by  plants  and  before  they  can  be  removed  from  their  contact  with  the  soil  by  the  water  descend- 
ing through  it. 

The  water  of  the  deep  under-drains  of  ground  heavily  irrigated  with  sewage  often  contains  nitrates 
and  the  salts  of  ammonia.  It  does  not  contain  organic  matter,  as  such  The  same  salts  constitute 
the  food  of  growing  plants,  which  organic  matter,   as  such,  does  not. 

In  testing  the  water  of  wells  it  is  usual  to  attach  much  importance  to  the  presence  of  nitrates 
and  chlorides  as  indicating  a  sewage  origin  of  a  portion  of  the  suppl)'.  This  should  probably  be  an 
effective  warning  in  cases  where  wells  are  so  placed,  either  by  proximit}-  or  by  fissure  in  the  soil  or 
in  the  rock,  as  to  make  possible  an  infiltration  from  vaults  and  cesspools.  The  presumption  is  that 
under  such  circumstances  organic  matter  not  completely  destroyed  by  aerated  putrefaction  may  have 
accompanied  the  flow  of  nitrates  and  chlorides,  but  these  latter  in  themselves  are  not  injurious.  There 
'has  been  ample  experience  to  show  that  disease-germs,  in  a  condition  to  reproduce  themselves  in  the 
human  body,  have  been,  by  the  channel  indicated,  introduced  into  drinking-water.  This  is  no  argument 
against  the  disposal  of  sewage,  even  thougli  it  may  contain  disease-germs,  by  surface-irrigation  over 
well-aerated  land.  Here,  under  proper  regulations,  disease-germs  as  well  as  sewage-filth  will  be  with- 
held  from  tlie  descending  water  and  will  be  destroyed. 

As  long  ago  as  1876,  Pasteur,  in  his  studies  on  fermentation,  indicated  clearly  the  difference  be- 
tween decomposition  taking  place  with  full  exposure  to  the  air  and  that  going  on  in  liquids  from  which 
air  was  entirely  or  mainly  excluded 

It  is  now  well  understood  that  the  bacterium  tcrmo,  on  which  we  so  largely  depend  for  the 
destruction  of  organic  matter  in  sewage,  is  not  active  except  in  the  presence  of  air.  In  the  experi- 
ments carried  on  in  the  laboratory  of  the  Surgeon  General's  Office  in  Washington  it  was  found  that 
various  specific  germs  planted  in  rows  on  gelatine  plates  could  be  identified  and  studied  throughout 
their  development  so  long  as  the  growth  of  the  bactcriniii  tcnito  could  be  excluded,  but  the  germ  of 
this  taking  root  on  the  plate,  it  grew  rapidly  in  all  directions  and  seemed  entirel}'  to  destroy  all  of 
the  special  cultures.  The  inference,  therefore,  seems  not  unreasonable  that,  under  suitable  conditions  of 
seeding,  of  pabulum,  and  of  aeration,  as  in  the  surface-soil,  the  processes  of  putrefaction  will  destroy 
germs  which,  if  existing  beyond  the  reach  of  these  processes — that  is,  in  a  position  where  atmospheric 
air  is  excluded — may  remain  unharmed  and  may  retain  their  power  for  mischief.  This  w  ill  explain  the 
difference  between  the  safe  disposal  of  infected  sewage  by  irrigation  on  or  near  the  surface  and  its  unsafe 
disposal  in  deep   receptacles  or  by  leak)%  deep  drains. 

At  a  meeting  of  the  "New  York  Farmers"   in    1886   Prof.  Chas.  F.  Chandler  said: 

"  Bacteria  arc  very  popular  just  now.  To  many  they  convey  the  idea  of  diseases  which  are  very 
fatal,  but  those  who  have  paid  most  attention  to  them  find  that  they  are  our  best  friends;  and  while  a 
few  of  them  are  given  to  the  production  of  specific  diseases,  the  majority  are  devoted  mainly  to  tak- 
ing care  of  animal  and   vegetable  material   and  converting  them  into    material  suitable    for  plant  food." 

"  If  we  have  a  very  large  river  and  a  moderate  population,  there  does  not  appear  to  be  any  actual 
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evidence  that  the  water  may  not  receive  and  dispose  of  and  destroy  tlic  sewage  of  tlie  population. 
This,  of  course,  is  a  very  different  case  from  the  contamination  of  a  well.  In  a  well  we  have  a  small 
quantit}'  of  water  which  is  quiet  and  where  this  process  of  spontaneous  purification  does  not  take 
place,  and  if  we  construct  a  well  near  a  cesspool  or  pri\)'-vault,  and  pile  up  the  manure-heap,  danger 
may  arise,  simply  because  the  opportunities  for  purification  are  not  adecjuate  for  the  emergency  of  a 
local  deposit  of  this  kind.  I  have  often  been  asked  w  h)'  we  object  so  seriousl}'  to  the  privy-vault  in 
the  neighborhood  of  a  well,  if  the  soil  contains  the  bacteria  which  are  capable  of  oxidizing  and  destroy- 
ing filth  of  that  character.  Recent  experiments  at  the  famous  farm  at  Rothamsted  ha\'e  shown  that 
the  bacteria  which  appropriate  and  destroy  this  harmful  matter  are  located  entirely  in  the  surface  of 
the  soil ;  so,  while  it  may  be  eminently  proper  to  spread  this  material  on  the  surface,  it  is  improper  to 
allow  it  to  get  into  the  soil  at  a  depth  of  three  or  four  feet,  where  it  is  beyond  the  reach  of  these 
organisms.  These  organisms  are  confined  to  the  first  six  or  twelve  inches  of  the  soil  ;  they  are  not  in 
the  subsoil,  but  in  the  upper  strata.  We  may  distribute,  by  what  we  call  subsoil-irrigation,  this 
material  to  where  we  place  it  within  the  reach  of  this  kind  of  bacteria,  and  then  it  will  be  disposed  of; 
but   if  we  place  it  beneath  that   depth  it  escapes  destruction  and    produces   disease. 

"Nature   has   everywhere  provided   these  bacteria      They  are  universally  present  in  the  atmosphere ; 

you    do  not  take  a  breath   without   drawing  them   in  ;  you  cannot  take  a  bottle  of  distilled  water  in  the 

laboratory  without  them  ;  and  if  you  follow  them  up  sufficiently  you  find  you  cannot  get  rid  of  them, 
and   if  you   could  you   would   not." 

At  the  meeting  of  the  British  Association  for  the  Advancement  of  Science,  held  at  Montreal, 
1884,  a  paper  by  R.  Warrington  was  read,  entitled  "  Notes  on  Nitrification."  This  set  forth  in  a 
simple  way  the  existing  knowledge  on  the  subject.  The  following  is  a  summary  of  such  of  its  state- 
ments as  are  of  especial  interest  to  the  engineer: 

"Up  to  the  year  1877  it  was  supposed  that  the  formation  of  nitrates  from  ammonia  and  from  organic 
compounds  containing  nitrogen  was  the  result  of  atmospheric  o.xidation.  The  belief  had  long  existed, 
and  had  been  a  favorite  one  with  Liebig  and  his  followers,  that  the  oxygen  of  the  air  contained  in  the 
soil  was  condensed  on  the  surfaces  of  its  particles  and  was  renewed  by  the  fresh  access  of  air  as  rapidly 
as  it  was  taken  up  by  the  process  of  oxidation,  in  which  it  was  supposed  to  be  especially  active.  In 
the  year  named  Schloessing  and  Miintz  showed  that  nitrification,  as  studied  in  the  action  of  soils  on 
sewage,  is  due  to  an  organized  ferment.  Later  experiments  of  these  chemists  and  of  others  have  fully 
sustained  this  theor\'. 

"The  process  of  nitrification  goes  on  onl}' within  the  range  of  temperature  which  permits  the  vital 
activity  of  living  ferments.  Near  the  freezing  point  it  is  very  slow.  Its  maximum  is  at  about  100°, 
and  it  ceases  at  about  130°.  The  process  is  dependent  on  the  presence  of  plant-food  suitable  for 
low^  organisms.  Antiseptics  are  fatal  to  the  process  ;  so  is  a  killing  heat,  whether  applied  to  the  soil 
or  elsewhere.  In  sewage  which  has  been  sterilized  by  boiling  the  process  of  nitrification  can  be 
re-established  by  the  addition  of  a  few  particles  of  fresh  soil.  If  protected  against  the  approach  of 
living  ferments  it  may  be  exposed  to  air  containing  o.xygen  without  nitrification  taking  place.  The 
organism  here  active  is  probably  a  micrococcus. 

"  In  hardly  a  single  manual  of  chemistry  is  the  production  of  saltpetre  attributed  to  the  action 
of  a  living  ferment  existing  in  the  soil.  Still  more  striking  is  the  absence  of  an)-  recognition  of  the 
evidence  just  mentioned,  when  we  turn  to  the  literatLirc  and  to  the  iniblic  discussions  on  the  subject 
of  sewage,  the  pollution  of  river-water,  and  other  sanitary  questions.  The  oxidation  of  the  nitrogenous 
organic  matter  of  river-water  is  still  spoken  of  by  some  as  determined  by  mere  contact  with  atmospheric 
oxygen,  and  the  agitation  of  the  water  with  air  as  a  certain  means  of  effecting  oxidation  ;  while  by 
others  the  oxidation  of  nitrogenous  organic  matter  in  a  ri\er  is  denied,  simply  because  free  contact 
with  air  is  not  alone  sufficient  to  produce  oxidation.  How  much  light  would  immediately  be  thrown 
on  such  questions,  if  it  were  recognized  that  the  o.xidation  of  organic  matter  in  our  ri\ers  is  determined 
solely  by  the  agency  of  life,  is  strictly  limited  to  those  conditions  within  which  life  is  possible,  and 
is  most  active  in  those  circumstances  in  which  life  is  most  vigorous." 
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The  following  statement  seems  to  be  not  altogether  practical  : 

"  In  arranging  a  filter  bed  for  the  oxidation  of  sewage  it  is  obvious  that,  with  a  heavy  soil  lying 
in  its  natural  state  of  consolidation,  very  little  will  be  gained  by  making  the  filter-bed  of  cor.siderable 
depth  ;  while  if  an  artificial  bed  is  to  be  constructed,  it  is  clearly  the  top  soil,  rich  in  oxidizing  organ- 
isms, which  should  be  exclusively  employed." 

The  probability  is  that  thorough  irrigation  would,  little  by  little,  develop  favorable  conditions  at 
greater  depths,  while  in  an  artificial  bed  the  number  of  organisms  existing  in  it  at  the  outset  would  be 
of  little  consequence  in  view  of  the  rapidity  with  which  they  multiply  under  favorable  conditions. 

"As  ammonia  is  so  readily  nitrifiable,  we  may  safely  assert  that  every  nitrogenous  substance  which 
yields  ammonia  when  acted  on  by  the  organisms  present  in  soil  is  also  nitrifiable." 

The  following  account  of  the  conditions  influencing  the  processes  of  nitrification  are  full  of 
interest  to  those  who  have  to  consider  the  various  methods  of  sewage-disposal  : 

"(i)  The  degree  of  concentration  of  the  solution  is  important.  Nitrification  always  commences  first 
in  the  weakest  solution,  and  there  is  probably  in  the  case  of  every  solution  a  limit  of  concentration  be- 
yond which  nitrification  is  impossible. 

"(2)  The  temperature  has  great  influence.  Nitrification  proceeds  far  more  rapidly  in  summer  than 
in   winter. 

"  (3)  The  presence  or  absence  of  light  is  important.  Nitrification  is  most  rapid  in  darkness;  and  in 
the  case  of  solutions,  exposure  to  strong  light  may  cause  nitrification  to  cease  altogether 

"  (4)  The  presence  of  o.xygen  is,  of  course,  essential.  A  thin  layer  of  solution  will  nitrify  sooner  than 
a  deep  layer,  owing  to  the  larger  proportion  of  o.xygen  available.  The  influence  of  depth  of  fluid  is 
most  conspicuous  in  the  case  of  strong  solutions. 

"(5)  The  quantity  of  nitrif)-ing  organism  present  has  also  a  marked  effect.  A  solution  seeded  with 
a  very  small  amount  of  organism  will  for  a  long  time  exhibit  no  nitrification,  the  organism  being 
(unlike  some  other  bacteria)  of  very  slow  growth.  A  solution  receiving  an  abundant  supply  of  the  for 
ment  will  e.xhibit  speedy  nitrification,  and  strong  solutions  may  by  this  means  be  successfull}'  nitrified 
which  with  small  seedings  would  prove  very  refractory.  The  speedy  nitrification  which  occurs  in  soil 
(far  more  speedy  than  in  experiments  in  solutions  under  any  conditions  yet  tried)  is  probably  owing 
to  the  great  mass  of  nitrifying  organisms  which  soil  contains,  and  to  the  thinness  of  the  liquid  laj'er 
which   covers  the  soil   particles." 

The  statement  in  Section  5,  above,  that  even  the  nitrifying  organisms  are  of  very  slow  growth, 
relates  rather  to  their  action  in  solution  than  in  the  soil.  This  condition  need  not  be  considered 
of  practical  importance,  because  any  irrigation-bed  at  all  suitable  for  its  uses  would  in  a  very  short 
time  become  fully  charged  with  one  form  or  other  of  oxidizing  organism,  and  would  remain  so  there 
after. 

In  1883-84  Mr.  Warrington  described  the  experiments  on  nitrification  carried  on  at  Rothamsted, 
referred  to  by  Dr.  Chandler.      He  says,  concerning  the  distributing  of  the  nitrifying  organisms  in   the  soil, 

"That  the  special  organism  which  nitrifies  ammonia  exists  in  abundance  in  the  surface  soil  of 
all  fertile  land  may  be  considered  as  now  established  by  a  variety  of  evidence ;  it  appeared  of  consid- 
erable interest  to   ascertain    to   what   depth    in    the  soil    its   presence   extended. 


"  A  series  of  samples  of  soil  and  subsoil  were  taken  from  the  pit  on  plot  i  ;  the  samples  being 
taken  from  a  depth  of  two  inches,  nine  inches,  eighteen  inches,  three  feet,  si.x  feet,  and  eight  feet  from 
the  surface;  the  samples  of  subsoil  were  taken  from  the  solid  clay,  all  [root]  channels  being  avoided.  A 
fresh  surface   was  first  cut  on   the  side  of    the  pit  at    the  spot  selected   for  sampling;  this  surface  was 


SEWAGE-DISPOSAL.  239 

scrapjd  with  a  freshly  ignited  platinum  spatula  ;  then  the  spatula  having  been  washed,  re-ignited,  and 
cooled,  a  portion  of  soil  was  detached  by  the  spatula  and  at  once  transferred  into  one  of  the  usual  bottles 
containing  a  sterilized  urine  solution  of  the  strength  of  4  c.c.  per  litre  ;  each  bottle  contained  some  pre- 
cipitated calcium  carbonate.  The  quantity  of  soil  taken  varied,  of  course;  it  was  about  o.i  gramme.  It 
is  obvious  that,  as  the  cotton  wool  stopper  had  to  be  lifted  to  introduce  the  soil,  opportunit}-  \\as 
given  for  the  entrance  of  any  organisms  floating  in  the  air.  E.xperience,  however,  has  shown  that 
air  free  from  soil-dust  very  seldom  contains  nitrifying  organisms,  and  this  view^  is  confirmed  by  the 
results  of  the  present  experiments.  The  seeded  bottles  were  placed  in  a  dark  cupboard  of  moderate 
temperature." 

Tables  are  then  given  showing  the  results  of  the  experiments  through  four  weeks.  Other  ex- 
periments were  made  with  earth  from   different  tracts. 

"The  three  series  of  results  just  described  may  be  thus  summarized:  In  four  experiments  made 
with  soil  two,  three,  and  six  inches  from  the  surface,  and  four  experiments  with  soil  nine  inches  from 
the  surface,  there  was  not  one  case  of  failure  in  the  production  of  nitrification.  With  soil  below  nine 
inches  the  result  was  irregular.  Out  of  twenty  experiments,  nitrification  has  occurred  in  three  instances 
only:  namely,  in  two  instances  with  soil  from  eighteen  inches,  and  in  one  instance  with  soil  three  feet 
from  the  surface;  these  results  appear  exceptional,  as  in  two  experiments  with  soil  fifteen  inches  from 
the  surface  no  nitrification  was  produced,  neither  did  any  occur  in  two  experiments  with  soil  two  feet 
and  in  five  experiments  with  soil  three  feet  from  the  surface.  There  is  also  some  probability  that  the 
nitrification  occurring  \s\\\\  soil  three  feet  from  the  surface  was  really  due  to  some  accidental  contam- 
ination, as  the  solution  remained  for  2ig  days  without  any  appearance  of  nitrification,  which  occurred 
only   after  a  still  longer   period. 

"The  distribution  of  bacteria  in  soil  has  been  made  the  subject  of  microscopical  investigation  by 
Koch  (' Jahresb.  d.  Agricultur  Chemie,'  1881,  p.  43).  He  states  that  the  micro  organisms  in  the  soils  he 
has  examined  diminish  rapidly  in  number  with  an  increasing  depth,  and  at  the  depth  of  scarcely  a  metre 
the  soil  is  nearly  free  from  bacteria.  Pumpelly  and  Smyth  (annual  report  of  the  National  Board  of 
Health,  1883)  have  made  some  experiments  with  soil  carefull)'  removed  from  the  side  of  a  well  newly 
dug  in  a  hard  blue  clay.  In  four  experiments,  clay  one  foot,  two  feet,  and  six  feet  from  the  surface 
produced  infection  in  a  sterilized  solution,  while  clay  nine  feet  from  the  surface  was  without  effect. 
It  is,  of  course,  probable  that  those  organisms  which  do  not  require  a  considerable  supply  of  oxygen 
to  exercise  their  functions  will  be  able  to  exist  at  lower  depths  in  the  soil  than  the  nitrifying 
bacterium. 

"  Some  important  practical  conclusions  seem  to  follow  from  the  limitation  of  the  nitrifying  organ- 
ism to  the  upper  layer  of  the  soil.  Thus  it  is  evident  that  the  oxidation  of  nitrogenous  matter  in 
soil  will  be  confined  to  matter  near  the  surface.  The  nitrates  found  in  the  subsoil,  or  in  the  subsoil- 
drainage  waters,  have  really  been  produced  in  the  surface  soil,  and  have  passed  down  by  diffusion,  or 
in  a  descending    column    of  water." 

When  we  have  reduced  the  filth  of  our  sewage  to  a  condition  in  which  it  may  be  washed  out 
of  the  soil,  or  absorbed  by  roots,  then,  and  not  till  then,  have  we  destroyed  it  as  filth  ;  but  then  it  ;s 
completely  destroyed. 

In  the  place  of  a  particle  of  meat-fibre  we  have  carbonic  acid  and  water  and  nitrates,  all  available 
for  the  nourishment  of  growing  plants,  and  all  reduced  to  what  is  probably  the  only  form  under  which 
vegetation  can  take  them  up.  The  same  action  converts  into  plant  food  the  other  elements  of  the 
sewage.  The  result  is  no  longer  sewage,  nor  urine,  nor  f^cal  matter,  nor  animal  or  vegetable  refuse; 
it  is  the  renewed  elementary  condition  of  the  substances  of  which  these  various  forms  of  filth  were 
composed. 

If  a  crop  be  growing  on  the  land,  some  or  all  of  these  resultant  products  of  localized  and  dis- 
seminated putrefaction  will  enter  on   their  new  cj'cle   as  plant  food.      In    the    absence    of    such    demand 
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they  will  more  or  less  directly  follow  water  descending  through  the  soil.  In  either  case  their  career 
as  filth  has  ceased. 

The  great  advantage  that  the  soil  possesses  as  the  seat  of  decomposition  lies  in  the  minute 
division  of  the  material  and  the  universal  distribution  of  the  oxygen  needed  for  the  complete  and 
effective  agency  of  the  destructive  bacteria.  If  the  liquid  wastes  of  the  kitchen  and  laundry  and 
of  the  chamber,  delivered  before  putrefaction  into  tlie  aerated  spaces  of  a  porous  soil  will  have 
their  organic  matter  destroyed  in  the  way  described,  without  the  production  of  offensive  exhalations,  and, 
as  is  believed,  without  the  possibility  of  danger  to  health,  the  same  liquids  delivered  into  a  cask  and  left 
to  putrefy  would  in  time  undergo  the  same  complete  destruction  of  their  organic  parts  ;  but  the  putrefac- 
tive process,  carried  on  with  a  much  less  complete  exposure  to  the  air,  would  be  of  an  offensive  cliar- 
acter.  The  water  would  in  time  become  pure,  but  only  as  its  various  portions,  by  slow  process,  came 
into  contact  with  the  air  near  the  surface.  The  withholding  of  oxygen  from  the  interior  of  the  mass 
would  lead  to  other  forms  of  decomposition  of  which  the  exhalations  are  offensive  and  the  influence 
probably  dangerous  to  health. 

The  same  principle  holds  as  between  surface-irrigation  and  deep  cesspools.  A  discharge  at  or 
near  the  surface  is  a  discharge  into  well-aerated  ground  The  leaching  from  cesspools  is  much 
farther  from  the  surface  and  into  ground  where  free  access  of  atmospheric  oxygen  is  impracticable. 
In  the  one  case  we  have  a  safe  result  and   in  the  other  an  extremely   unsafe  one. 

The  degree  to  which  water  may  be  relieved  of  its  offensive  accompaniment  by  irrigation  pro- 
cesses is  very  remarkably  shown  by  the  investigations  made  at  Gennevilliers,  described  by  Dr.  Proust 
in  his  report  to  the  Technical  Commission  on  the  Sanitary  Improvement  of  Paris,  December  2,  1882. 
He  gives  an  account  of  microscopic  examinations  made  by  Marie-Davy  and  Miquel,  with  a  careful 
enumeration  of  the  microbes  or  living  particles  found  in  a  cubic  centimetre  of  various  waters.  The 
result  was  as  follows  : 

Sewage  at  the  outlet  of  the  main  sewer  of  Paris  contained,  per 

cubic  centimeter,           ......  20,000  microbes. 

The  water  of  the  Seine  contained,             ....  1,200          " 

The  water  of  the  Vanne  *  contained,       ....  62           " 

Rain-water  contained,           ......  35          " 

The  under-drainage  of  Gennevilliers  contained,  .             .             .  13  to  24          " 

This  last  water  was  also  free  from  putrescible  matter. 

Various  difficulties  present  themselves  when  the  facilities  for  irrigation-disposal  are  considered 
in  connection  with  any  particular  place.  It  is  sometimes  the  quality  of  the  soil,  sometimes  its  defective 
drainage,  sometimes  its  high  elevation  with  reference  to  the  town  or  its  low  elevation  with  reference 
to  an  adjoining  water-course.  These  conditions  may  materially  modify  the  method  to  be  adopted,  as 
may  the  area  of  land  available.  But,  in  one  way  or  another,  these  difficulties  may  usually  be  over- 
come and  the  town  may  be  given  facilities  for  the  purification,  by  the  soil,  of  all  of  its  foul  sewage. 
Generally  the  process  is  relatively  inexpensive  and,  under  proper  conditions,  may  be  made  remunera- 
tive. The  vital  point  is  now  fully  secured  ;  absolute  purification  is  within  our  reach  wherever  this 
system  is  practicable. 

As  a  rule,  it  may  be  said  that  the  greater  the  available  area  of  land  to  be  irrigated  the  better 
the  chance  of  a  profitable  result  ;  the  greater  the  \'c)lLune  of  sewage  to  be  delivered  at  a  time,  the 
more  even  tlic  distribution  over  a  wide  surface  ;  and  the  more  immcdiatcl)'  the  delivery  after  production 
in    the   houses,   the  less   the  liability   to   offensive   exhalation.     Indeed,  if   the   sewage   of  a  single  day   or 

*The    drinking-water  ol  P.iris. 
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of  a  half-day  could  be  discharged  in  a  rapid  flow  over  as  much  land  as  its  volume  v.'ould  enable  it 
to  reach,  and  if  nothing  were  retained  long  enough  for  putrefaction  to  begin,  in  collecting-chambers,  in 
the  pipes  and  sewers,  or  in  the  traps  of  water-closets,  sinks,  etc.,  in  the  houses,  the  whole  operation 
would  be  practically  odorless. 

As  already  stated,  it  is  essential  that  the  discharge  should  be  intermittent.  If  only  one  area  of 
ground  is  used,  the  flow  should  be  held  back  to  be  discharged  not  oftener  than  once  a  day  If  the 
irrigation-fields  can  be  divided  into  two  or  three  different  areas,  each  capable  of  receiving  the  full  flow, 
each  should  lie  idle  one  or  two  days  after  each  single  day's  use,  or  one  or  two  weeks  after  each 
week's  use,  etc.  Where  the  discharge  is  constant,  the  flow  should  be  delivered  alternately  over  three  or 
more  different  areas — better  at  intervals  of  not  less  than  two  days,  and  the  longer  the  interval  the 
better. 

At  times-  it  becomes  necessary — more  often  in  connection  with  one  or  a  few  houses  than  with  a 
town — to  dispose  of  sewage  otherwise  than  by  surface-\xx\g-dX\ox\.  In  such  case  a  good  result  may 
be  obtained  by  the  use  of  the  system  of  sub-surface  irrigation,  where  the  liquid  is  distributed  through 
open-jointed  drains  laid  a  few  inches  below  the  surface  of  a  suitable  soil.  The  discharge  being  inter- 
mittent, a  sufficient  time  between  consecutive  discharges  must  be  allowed  for  the  oxidation  of  the 
material  retained  by  the  soil  to  become  well  established. 

The  most  natural  objection  raised  when  irrigation-disposal  is  proposed  for  Northern  towns  is  the 
severity  of  our  Northern  winters.  This  constitutes  no  obstacle  in  any  place  with  which  I  am  familiar, 
whether  for  surface-irrigation  or  for  the  open-jointed  pipes  of  the  sub  surface  system.  Ample  expe- 
rience in  New  England  and  on  the  coast  of  the  Baltic  Sea,  at  Dantzic,  shows  that  the  severest  winter 
offers  no  cause  for  interruption  to  the  working  of  either. 

There  are  low-I}-ing  outlets  whose  flow  cannot  be  spread  over  deeply  drained  land  without  artificial 
pumping,  and  artificial  pumping  is  a  huge  bugbear  to  the  ordinary  town  economist.  In  such  cases 
use  may  be  made  of  the  purif\-ing  processes  always  at  work  in  water  flowing  in  shallow  channels.  The 
minor  organisms,  animal  and  vegetable,  which  abound  in  water  containing  organic  impurities  act 
on  the  food  offered  them  by  such  impurities  very  much  as  do  the  bacteria  in  the  soil  on  what  is  there 
in  like  manner  offered  to  them,  but  much  more  slowly.  Thus,  without  question,  may  some  towns,  which 
are  so  unfortunately  situated  as  not  to  be  able  to  resort  to  irrigation,  find  a  satisfactory  means  of  relief. 
In  such  cases  the  growth  of  willows  or  of  rushes  may  be  made  an  efficient  aid  to  purification  and  a 
source  of  no  inconsiderable  income. 

It  is  always  to  be  remembered  that  when  frcsli  sewage  is  discharged  into  a  water-course  most  o"f 
its  organic  matter  is  consumed  by  fishes  and  animalcule,  as  on  land  it  would  be  consumed  by  poultry, 
swine,  and  insects.  Sewage  delivered  in  a  putrid  condition  would,  on  the  contrary,  tend  to  drive  the 
fish  from  the  polluted   part  of  the  stream. 


DIFFERENT    PROCESSES    OF    AGRICULTURAL    PURIFICATION. 

The  purification  of  sewage  by  application  to  the  soil  is  variously  performed  by  processes  which  it 
is    usual    to    classif}-    as    follows : 

1.  Broad    surface  irrigation. 

2.  Intermittent    downward    filtration. 

3.  Sub-surface    irrigation. 

The  first    involves  the   distribution   of  sewage  over  the   surface  of    the  ground,   usually  to  an  extent 
sufficient    to    give    its    crop    the    benefits    of    water-irrigation    and    of    maiiurial    enrichment,    but    the    line 
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is  not  very  distinctly  marked  which  separates  it  from  the  second  process,  or  downward  filtration;  tlie 
difference  between  tliem  is  only  a  difference  of  intensity.  The  latter  process  requires  for  its  complete 
efficiency  a  very  porous  soil  capable  of  absorbing  large  volumes  of  water,  so  under-drained,  eithcr 
naturally  or  artificially,  as  to  prevent  its  permanent  saturation.  The  third  process  consists  in  the 
delivery  of  sewage  into  open  jointed  drain-tiles  laid  a  few  inches  under  the  surface,  the  sewage  escap- 
ing through   the  open  joints   to   be   absorbed  by  the   soil. 

For  permanent  success  it  is  necessary  that  all  of  these  processes  should  be  intermittent.  That  is 
to  say,  the  sewage  must  not  be  applied  to  the  same  soil  so  continuously  as  to  over-tax  its  ability  to 
withdraw  its  impurities.  Before  this  point  is  reached  the  application  must  cease  and  sufificient  time 
must    be    given    for    the    destruction    of    the    impurities  withdrawn. 

Broad  surface  irrigation  is  by  far  more  widely  used  than  either  of  the  other  systems.  It  is  the 
system  of  Birmingham,  Croydon,  Leamington,  O.xford,  and  many  other  towns  in  England,  of  nearly  the 
whole  of    Berlin,    of    the   whole   of   Breslau    and   Dantzic,   and    of    about    one-third   of    Paris. 

In  all  of  these  cases  a  large  portion,  if  not  the  whole,  of  the  storm-water  falling  on  the  town  area 
is  sent  to  the  irrigation-fields.  Reports  of  success  are  very  various  in  England,  but  they  are  as  a 
whole   very   satisfactory. 

Much  better  processes  prevail  in  the  irrigation-works  of  Berlin  and  of  Paris  than  in  most  of  the 
English  instances,  and  the  results  are  correspondingly  better.  The  best  of  all  have  been  achieved  at 
the  irrigation-works  of  Paris,  on  the  plain  of  Gennevilliers,  and  these  have  been  made  the  subject  of 
the  most  careful  detailed  experiment  and  investigation.  They  are,  therefore,  on  the  whole  more 
instructive  than  any  one  of  the  others.  The  process,  however,  that  is  used  at  Gennevilliers,  although 
the  same  in  principle,  is  somewhat  different  in  detail  from  the  others  referred  to.  But  little  of  the 
sewage  is  here  spread  over  the  surface  of  the  land,  most  of  which  is  occupied  by  small  market-gar- 
dens. It  is  generally  delivered  into  trenches  between  narrow  elevations,  reaching  the  soil  by  lateral 
instead  of  vertical  percolation.  Some  of  the  English  towns  and  Berlin  afford  the  best  instances  of  the 
irrigation  of  broad  fields,  and  are  thus  far  the  best  examples  for  American  practice.  We  have,  how- 
ever, in  our  own  country  a  very  good  instance  of  irrigation-disposal  in  the  sewage  farm  of  Pullman, 
Illinois;  and  another  on  a  small  scale  (described  below)  in  tlie  disposal-works  on  tiie  Pennsylvania 
State    Insane   Asylum   at    Norristown. 

The  system  of  more  intensified  downward  filtration  is  due  to  the  ingenuity  of  Mr.  J.  Bailey 
Denton,  an  English  engineer  of  much  experience,  who  in  1881  published  his  results  under  the  title, 
"  Ten  Years'  Experience  in  Works  of  Intermittent  Downward  Filtration,  Separately  and  in  Combination 
with    Surface-Irrigation,  with    Notes   on   the    Practice  and    Results  of  Sewage-Farming."      He  says: 

"In  speaking  of  'intermittent  filtration'  I  do  not  refer  to  the  practice  of  crowding  sewage  con- 
tinuously o\\  porous  land  in  the  careless  manner  often  adopted  to  get  rid  of  sewage,  and  which  results 
in  its  collection  in  hollows  and  low  places  to  injure  growing  crops,  to  depreciate  the  effluent,  if  there 
be  any,  and  to  cause  a  nuisance  on  the  surface  of  the  land  (a  proceeding  which  may  deserve  the 
term  of  '  intensive  irrigation,'  contemptuously  given  to  intermittent  filtration  by  its  detractors),  but 
I  refer  to  the  concentration  of  sewage  at  regulated  int(rvals  on  as  few  acres  of  land  as  will  absorb  and 
cleanse  it  without  preventing  the  production  of  vegetation.  It  is  by  this  means  that  the  assimilative 
powers  of  growing  plants  are  brought  to  bear  on  the  fertilizing  elements  of  the  sewage  at  the  same 
time  that  the  percolation  of  the  sewage  through  the  soil  brings  it  in  contact  with  the  atmospheric  air 
pervading  the   soil,  and    renders   it   harmless    by  oxidation." 

His  first  work  was  executed  at   Mertlu'r-Tydvil   in    1871. 

The  results  of  elaborate  experiments  made  by  Dr.  P"rankland  were  published  by  the  Rivers  Pollution 
Commissioners,  with  the  statement  that  they  have  deduced  from  the  experiments  that  "  an  acre  of 
suitably  constituted   soil   well   and   dcL-pl)'   drained,  with   its   surface   levelled  and    divided  into    four  equal 
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plots,  each    <if   whicli    in   succession    would   receive  the  sewage  of  six   hours,  would   cleanse   the  sewage  of 
3,300  persons. 

At  Merthyr-Tydvil  Mr.  Denton  extended  the  area  to  be  used  so  as  to  apply  only  one-third  of  this 
amount  of  sewage,  or  that  of  1,100  persons,  to  an  acre,  and,  instead  of  covering  the  whole  surface  of  the 
land  with  sewage,  he  distributed  it  by  furrows,  "  so  as  the  liquid  sewage  should  reach  the  roots  of  the 
plants  growing  on  the  ridges  laterally  through  the  soil  without  touching  their  edible  parts."  He  thus 
describes  the  result  : 

"The  result  at  Merthyr  was  (and  subsequently  has  been  at  all  other  places)  that  heavier  crops 
of  vegetables,  giving  a  better  money  return,  have  been  grown  upon  the  intermittent-filtration  areas 
when  cleansing  the  sewage  of  1,100  persons  to  the  acre  than  upon  surface-irrigated  land  receiving 
and  cleansing  the  sewage  of  one-tenth  of  that  population.  At  Merthyr,  too  (as  at  other  places),  the 
sewage  applied,  being  evenly  distributed  by  horizontal  furrows  without  allowing  it  to  touch  the  growing 
crops,  has  caused  no  nuisance  whatever,  nor  has  any  effluvium  been  recognizable  at  a  distance  of  50 
yards  from  the  areas." 

A  more  distant  removal  having  been  adopted,  this  small  irrigation-field  was  for  some  years 
disused  as  a  regular  means  of  disposal,  though  its  use  was  occasionally  resorted  to  for  the  tempo- 
rary relief  of  the  more  distant  works.  Dr.  Dyke,  the  medical  ofificer  of  the  district,  says  (September, 
1880): 

"'On  more  than  one  occasion  during  the  three  last  years //^c  20  acj-cs  prepared  by  yon  liaic  had  to 
take  the  zvho/e  of  the  sewage  of  40,000  people  for  two,  three,  or  more  weeks  together.  The  necessity  for 
this  has  been  on  each  occasion  caused  by  the  breakage  of  the  sewage  channels  which  were  devised 
for  the  conveyance  of  the  sewage  to  the  lands  below  Navigation  Junction.  On  each  of  these  occasions 
the  areas  did   their  work  thoroughly.' 

"  Upon  my  asking  the  writer,  subsequent  to  the  receipt  of  this  letter,  whether  he  did  not  mean 
that  the  sewage  of  the  40,000  people  was  filtered  through  the  75  acres  constituting  the  Troedhyrhiew 
Farm,  he  replied: 

"'I  mean  that  the  20  acres  virtually  took  the  sewage  in  emergencies  from  the  sewers  above 
Troedh)-rhiew.  Some  portion  might  be  sent  over  the  other  55  acres,  but  this  must  have  been  small, 
as  those  portions  of  the  land  at  Troedhyrhiew  are  let  out  for  grazing  and  for  the  growth  of  Italian 
rye-grass,  so  that  virtually  the  bulk  of  the  sewage  had   to  be  dea  t  with   by  the  20  acres.'"* 

The  same  system  has  been  applied  at  Abington,  Forfar,  Halstead,  Barnsley,  Hitchin,  Oakham, 
Earlsdon,  Radford,  Kendal,  and  Great  Malvern.  I  visited  the  last  two-named  works  in  1881,  finding 
the  merits  claimed  for  the  system  by  Mr.  Denton  and  his  friends  to  be  there  full}'  sustained,  tliough 
in  both  cases  the  admission  of  large  volumes  of  roof-water  frequentl}'  embarrassed  the  operation  of 
the    system. 

The  third  system,  sub-surface  irrigation,  has  been  much  more  extensively  applied  on  a  small  scale 
than  on  a  large  one,  and  it  \\  ill  be  fully  described  in  connection  with  the  disposal  of  the  sewage  of 
isrjLited  houses,  where  some  account  will  be  given  of  its  operation  in  connection  with  the  whole  \'il- 
lage  of  Lenox,  the  Woman's  Prison  at  Sherborn,  Mass.,  and  at  the  Br}-n  RIawr  Hotel  (see  Chajjter 
XXV II.) 

One  of  the  older  examples  of  sewage-irrigation  is  that  of  Cro}-don  (near  London),  which  is  full)- 
described  by  Dr.  Alfred  Carpenter  in  a  paper  read  before  the  Society  of  Arts  in  1887.  This  was,  I 
think,  on  the  whole  the  most  satisfactory  irrigation-farm  that  I  visited  in  England,  and  in  some  respects 
the  most  instructive.  The  corporation  owns  more  than  700  acres  of  land  which  are  used  for  irrigation. 
This  has  cost  more  than  ^300  an  acre,  and  gi'cat  expenditures  have  been   made  for   ])crmanent   improve- 

*  See   at   the  end   of   this  chapter  extr.icts  from  the   report  of  the   annunl   meeting   of    the    British     Medical    Association,  where    Dr. 
Dyke  reports  progress  with  these  works  from    1881   to    1S88. 
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meats.  Tliis  establislimcnt  has  passed  under  the  hands  of  different  boards  of  management  during  the 
sixteen  years  of  its  use,  and  the  financial  results  as  well  as  the  condition  of  the  land  have  suffered 
at  times  from  mismanagement.  Its  condition  in  this  respect  has  improved  during  recent  years.  The 
income  for  the  last  year  reported  was  £(^,\%\,  the  expenditure  ^5,101.  .,. 

Dr.  Carpenter  says :  "I  am  unable  to  say  how  the  valuation  of  the  live  and  dead  stock  upon  the 
farm  stands,  as  it  is  not  included  in  the  published  accounts;  but  I  have  reason  to  believe  that  it  is 
iijcreased   and  not  diminished." 

This  farm  is  surrounded  by  population  ;  a  much-frequented  foot-path  crosses  it,  and  the  evi- 
dence seems  to  be  uniform  that  it  at  no  time  causes  annoyance  to  any  one.  At  the  time  of  my  visit 
sewage  was  flowing  in  a  broad  sheet  over  the  field  around  the  borders  of  which  I  was  taken,  and  there 
was  at  that  time  no  perceptible  odor  of  any  sort.  In  fact,  so  far  as  I  have  been  able  to  learn,  the 
disposal  of  sewage  by  surface-irrigation  has  not  in  a  single  instance  been  convicted  of  the  causation  of 
disease,  nor,  where  there  has  been  anything  like  proper  care  and  management,  has  it  been  the  sub- 
ject of  complaint  because  of  its  odors,  notwithstanding  the  serious  opposition  that  tliis  apprehended 
difficulty  has  aroused   in   many  cases  when    irrigation    projects   were  first    proposed. 

I  found  substantially  the  same  conditions  existing  at  the  irrigation- farms  of  Berlin  and  of  Dantzic. 
In  no  case  have  I  ever  detected  anything  approaching  a  nuisance  save  where  deposits  had  formed  in 
the  irrigation-ditches  and  been  left  exposed  to  the  air  after  the  cessation  of  the  flow.  The  deposits 
have,  in  these  cases,  a  strong  smell  that  is  locally  objectionable.  They  can  always  be  avoided  by  the 
use    of    cement,    pipe,    or    other    proper    lining    of    the    ditches. 

In  April,  1886,  Dr.  C.  Meymott  Tidy  made  an  elaborate  address  before  the  Society  of  Arts  in 
London  on  the  treatment  of  sewage.  The  general  tenor  of  his  observations  was  to  the  effect  that 
irrigation  is  not  a  satisfactory  method  for  the  purification  of  sewage.  Dr.  Tidy  is  a  chemist,  and  had 
been  employed  by  the  "Native  Guano  Company  "  to  report  on  its  "  A.  B.  C.  "  precipitation  processes  for 
treating  sewage.  The  impression  derived  from  a  careful  perusal  of  his  paper  would  be  that  in  his 
opinion  the  chemical  processes  are   to   be   preferred. 

His  statements  were  fully  discussed  at  meetings  held  in  May  and  December,  and  the  importance 
of  the  subject  justifies  a  review  of  the  comments  of  those  who  took  part  in  the  discussion,  which  was 
opened  by  Lieutenant-Colonel  Jones,  one  of  the  most  experienced  and  most  successful  sewage  farmers 
in   England.      He  said  : 

"  The  necessity  of  constant  intelligent  superintendence  day  and  night  lies  at  the  root  of  sanitary 
success  in  sewage  treatment,  and  the  author  had  done  well  in  calling  attention  to  the  carelessness  of 
municipal  authorities  generally  as  to  the  proper  maintenance  of  a  business  for  the  establishment  of 
which,  under  pressure,  they  often  voted  large  sums  as  capital  with  less  reluctance  than  an  annual 
charge,  which  was  equally  necessary.  But  sewage  was  a  disagreeable  subject,  with  which  they  would 
fain  deal  once  for  all  and  be  done  with  it,  forgetting  that  they  were  producing  it  hourlj',  and  that  it 
would  not  keep." 

Dr.  Tidy  had  made  much  account  of  the  choking  of  the  surface  of  the  ground  by  fibrous  matters 
contained   in  sewage,  what  he  called  a  papicr-viaclic  coating.      Colonel  Jones  said  : 

"Any  farmer,  or  laborer  even,  can  give  the  most  direct  and  positive  contradiction  to  the  papicr- 
mach^  theory.  I  have  applied  large  quantities  of  raw  sewage,  sludge  and  all,  to  fallow  land  every 
winter  for  fifteen  years,  and  never  found  the  pores  of  the  soil  clogged  when  it  had  been  ploughed 
up  for  roots  in  the  succeeding  spring.  Frost  and  heavy  rain  were  also  common  bugbears  with 
indoor  advocates  of  chemical  precipitations,  which  the  farmer  knew  how  to  combat  without  much 
loss  of  purification,  as  percolation  went  on  through  the  soil  all  the  same  under  the  sheet  of  ice, 
and  it  was  quite  unnecessary  as  well  as  unusual  to  let  the  sewage  run  over  frozen  ground  into  a 
river." 
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In  reply  to  Dr.  Tidy's  charge  that  sewage-farms  arc  liable  to  produce  epidemic  diseases  in  those 
living  near  them,  he  said  : 

"On  tiie  subject  of  hygiene,  I  have  no  hesitation  in  challenging  the  author  to  prove  anything 
supporting  his  insinuations  as  to  the  supposed  unhealthiness  of  sewage-farms." 

Mr.   Baldwin   Latham,  a  well-known  engineer  of  sanitary  works,  said  he  was 

"  much  surprised  to  hear  Dr.  Tidy's  remarks  on  the  deleterious  effects  of  irrigation,  remembering  what 
he  had  heard  him  say  in  some  inquiries  in  which  he  had  been  concerned.  He  had  himself  tried  most 
earnestly  to  investigate  the  question  of  pubHc  health  and  the  influence  of  irrigation-farms  on  the 
neighborhoods  in  which  they  had  been  established.  He  (Mr.  Latham)  was  one  of  the  judges  for  the 
Royal  Agricultural  Society  of  England  in  the  Sewage-F"arm  Competition  in  1880,  and  in  that  capacity 
had  assisted  in  investigating  the  condition  of  health  of  those  living  on  sewage-farms.  As  to  the 
result,  he  was  quite  sure  that  Dr.  Tidy  could  not  produce  a  number  of  selected  individuals  from  any 
part  of  the  country  who  could  compare  in  health  with  the  inhabitants  on  the  sewage-farms.  Of  course, 
he  did  not  mean  to  say  that  if  sewage  were  badly  managed  it  might  not  have  its  evils,  or  if  sewage- 
farms  were  badly  managed  or  improperly  located  (and  the  same  with  an}-  other  sewage-works),  and 
a  bad  effluent  got  into  the  water-supply,  it  would  not  be  detrimental  to  health.  On  this  matter 
he  had  looked  into  the  evidence  of  Dr.  Tidy  on  the  Lower  Thames  Vallc}-  inquir\-,  and  he  found 
this  question  was  put  to  him  :  '  Have  you  directed  your  attention  to  whether  any  case  of  disease  could 
be  traced  to  the  existence  of  sewage-farms?'  Answer:  'I  have  never  been  able  to  trace  any  cases 
of  disease  directly  to  this  cause.  I  have  heard  a  great  many  reports,  and  those  cases  I  have  had  the 
opportunity  of  investigating  have  invariably  shown  that  it  was  rather  a  sentimental  grievance  than 
any  actual  cause  of  complaint.'  Again,  he  was  asked  if  there  was  any  nuisance,  and  his  reply  was: 
'  I  have  never  myself  seen  anything  approaching  a  nuisance  except  in  evident  gross  carelessness.'  He 
was  aware  that  Dr.  Tidy  stated  in  his  paper  that  '  consistency  was  the  bugbear  of  weak  minds,'  and 
they  would  probably  be  satisfied  that  Dr.  Tidy  was  not  of  weak  mind  ;  but  there  was  a  difference 
between  consistency  and  adherence  to  truth.  Having  carefully  investigated  the  health  statistics  of 
a  large  number  of  sewage-farms,  and  not  being  able  to  trace  any  evil  consequences,  he  had  no  hesita- 
tion in  recommending  any  local  authority  which  could  secure  land  on  favorable  terms  to  adopt  that 
process  where  it  could   be  used." 

Dr.  Carpenter,  who  has  for  considerable  periods  had  the  general  direction  of  the  Croydon  sewage- 
farm,  and  who  is  one  of  the  first  authorities  on   the  subject,  said 

"  He  had  watched  all  the  processes  more  or  less  connected  with  the  utilization  of  sewage.  He 
had  seen  them  in  various  forms  and  various  conditions,  and  he  could  say  with  the  utmost  satisfaction 
that  the  only  arrangement  in  connection  with  sewage  that  would  fulfil  all  the  requirements  which  a 
town  had  a  right  to  demand   was  the  utilization  of  that  sewage  by  irrigation. 

"  Throughout  Dr.  Tidy's  paper  he  referred  to  the  putridity  of  sewage.  Putridity  and  putrid  gases 
had  been  spoken  of  as  being  the  natural  accompaniment  of  sewage.  He  contended  that  they  were 
no  accompaniment  whatever  natural!)',  and  had  no  business  to  be  thei-e.  He  was  of  course  only  speaking 
of  a  town  which  complied  with  the  required  conditions  with  regard  to  health,  and  had  all  its  sewers 
so  constituted  that  the  sewage  would  get  down  away  out  of  the  town. 

"  One  of  the  points  which  all  sanitarians  ought  to  aim  at  was  to  get  the  sewage  out  of  the  town 
as  rapidly  as  possible,  and  not  to  allow  sewers  to  exist  that  were  sewers  of  deposit  He  was  bound 
to  say  that  that  was  not  the  condition  in  which  sewers  were  in  the  majorit\-  of  instances.  The  point 
that  they  should  first  direct  attention  to  was  that  sewers  ought  to  be  kept  as  clean  as  back-kitchens 
were,  and  there  was  no  reason  \\\\y  they  should  not  be.  If  they  were  properly  constructed,  and  all 
the  arrangements  in  connection   with   them    were  carried    out   in   a   proper    manner,  there-  would    be  none 
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of  those  difficulties  whicli  were  connected  with  putridity.  Dr.  Tidy  spoke  somewhat  in  antagonism 
of  the  separate  system,  contending  that  a  separate  system  robbed  the  sewers  of  one  of  tlie  means  of 
natural  and  effectual  flushing,  such  as  occurred  after  heavy  rains.  He  (Dr.  Carpenter)  objected  to 
that  kind  of  flushing.  If  sewers  were  constructed  as  they  ouglit  to  be,  and  as  they  \\ere  in  some  dis- 
tricts, so  tliat  they  were  complete]}-  flushed  clean  with  the  natural  flow  of  sewage,  and  had  a  self-acting 
flushing-tank  to  occasionally  give  them  a  full  flow  at  stated  intervals,  there  was  no  occasion  whatever 
to  introduce  storm-waters  into  them. 

"  He  was  acquainted  with  farms  which  had  been  under  irrigation  for  the  last  twenty-five  years,  and 
he  knew  that  the  land  was  as  competent  and  capable  of  dealing  with  the  sewage  that  was  put  upon  it 
at  this  moment  as  it  was  twenty-five  years  ago,  when  it  was  first  put  down  for  sewage-irrigation.  That 
land  at  this  moment  was  capable  of  producing  as  heavy  crops  as  it  did  when  it  was  first  utilized.  The 
crops  were  as  perfect  this  year  as  any  that  had  ever  grown  there,  and  the  quantity  of  the  material  that 
was  taken  off  the   land   had    been    its  40  tons  of   rye-grass,  or  its  40  tons  of    mangold  or  roots,  per  acre. 

"  Dr.  Tid}'  quoted  Mr.  Hawksley's  statement  that  sewage-irrigation  in  hot  weather  was  very  un- 
healthy. He  (Dr.  Carpenter)  had  examined  into  the  matter,  not  with  the  intention  of  ever  being 
an  advocate  one  way  or  the  other,  but  having  no  interest  except  the  truth.  In  his  neighborhood 
they  had  had  unhealthy  seasons;  he  had  watched  the  health  of  the  habitues  upon  the  farm,  and  he 
had  seen  several  hundreds  of  them,  and  watched  them  very  carefully  at  a  time  when,  by  an  unfortu- 
nate condition  of  things,  they  produced  a  large  quantity  of  typhoid  fever  in  consequence  of  the  im- 
purity of  the  water.  That  typhoid  excreta  went  on  to  the  farm  ;  there  were  1,200  cases.  He  carefully 
watched  the  people  on  the  farm,  and  there  was  no  illness  whatever  produced  ;  not  a  single  case  of  ty- 
phoid fever  arose  in  connection  with  that  epidemic  amongst  those  who  were  on  the  farm,  although  the 
weather  was  pretty  hot  on  some  days.  Then  Dr.  Tidy  was  of  opinion  that  there  were  very  offensive 
smells.  Whenever  there  were  offensive  smells  from  a  sewage-farm  the  people  who  were  managing  it 
failed  to  do  their  duty.  There  ought  not  to  be  any  kind  of  offensive  smell  from  a  sewage-farm.  He 
had  over  and  over  again,  when  they  had  500  or  600  acres  under  irrigation,  found  that  at  certain  times 
there  was  no  smell  that  could  be  noticed  by  any  one.  There  were  other  times  when  the  manager,  who 
was  paid  30s.  or  £2  or  £},  a  w  eek  wages  for  looking  after  an  immense  area  of  that  kind,  had  failed  in 
his  dut}',  and  had  allowed  a  smell  to  arise.  The  management  of  these  farms  was  not,  as  a  rule,  in  the 
hands  of  scientific  men  ,  they  were  managed  by  people  who  did  not  know  what  they  were  about.  As 
soon  as  a  man  had  been  in  the  service  of  a  local  board  for  any  time,  and  had  found  how  to  deal  to 
some  extent  with  the  sewage-farm,  somebody  else  came  on  to  the  farm  — some  tailor  or  linen-draper,  or 
licensed  victualler,  who,  of  course,  knew  a  great  deal  better  how  it  could  be  done  than  those  who  had 
been  long  engaged  in  the  work.  The  man  who  had  begun  to  know  was  ousted,  and  somebody  else, 
who  knew  nothing  whatever  about  it,  was  put  into  the  management.  Those  were  the  reasons  which 
led  to  so  many  failures  in  sewage-farms;  but  he  would  cite  to  them  the  case  of  Croydon,  where  the 
sewage  of  that  town  was  utilized  on  600  acres  of  land,  and  where  the  farm  was  doing  its  work  effi- 
ciently. 

"At  this  moment  they  had  at  Croydon  one  of  the  finest  herds  of  cows  ever  seen  in  the  coimtry, 
that  were  fed  upon  grass  from  the  sewage-farm,  and  they  gave  a  better  supply  of  milk  than  could  be 
produced  from  any  other  herd  of  a  similar  number,  and  the  milk  was  of   the  purest  possible  character." 

Dr.   Louis  Parkcs  confined   his   remarks  to  the  influence  of    sewage-farms  upon  health. 

"  He  could  find  no  fact  at  all  in  the  paper  of  Dr.  Tidy  more  recent  than  fifteen  years  ago,  and  he 
should  like  to  know  if  Dr.  Tidy  had  not  been  able  to  acquire  any  new  facts  as  to  the  bad  influence 
upon  the  health  of  those  living  in  the  neighborhood  of  sewage-farms.  He  would  go  over  the  evi- 
dence that  had  been  adduced  very  shortly.  He  liad  said  that  the  sewage-farm  on  the  Craigentinny 
meadows  had  had  a  bid  effect  upon  the  health  of  the  neighboring  population  ;  but  he  did  not  add  a 
very  important   fact,  as  told  by  the  medical  officer  of  Edinlaurgh,  that  there  was  no  injurious  effect  on   the 
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health  of  the  soldiers  living  in  the  adjacent  barracks.  When  the  cholera  was  raging  in  Edinburgh  in 
1875  and  1876  there  was  not  a  single  case  of  cholera  at  the  Kelso  barracks.  As  regards  the  most 
important  case  contained  in  Dr.  Clouston's  evidence,  to  the  effect  that  an  outbreak  of  dysentery  in 
Cumberland  and  Westmoreland  Asylum  had  resulted  from  the  sewage-farming  operations,  it  certainly 
appeared  from  Dr.  Tidy's  paper  that  there  had  been  a  severe  attack  of  dysentery,  which  was  directly 
caused  by  the  smells  from  the  land  irrigated  by  sewage.  He  had  looked  at  the  Medical  Times  and 
Gazette  for  1865,  in  which  that  case  was  reported,  and  there  was  no  doubt  that  the  sewage  was  first 
of  all  allowed  to  flow  into  a  tank,  and  the  overflow  was  taken  on  to  the  land  to  be  irrigated.  In 
his  opinion  the  sewage  would  have  undergone  decomposition  and  putrefaction  in  the  tank,  and  that 
when  it  got  upon  the  land  it  was  in  a  very  stale  condition.  The  land  was  described  as  not  being 
laid  out  in  a  scientific  manner;  the  under-drains  were  choked  up  with  sand,  and  there  was  liquid  irri- 
gation on  the  surface  of  the  land,  so  that  if  d}'sentery  arose  from  the  bad  smells,  as  he  had  no  doubt 
it  did,  it  was  because  the  sewage  was  putrid,  and  because  the  land  was  in  such  a  bad  condition  that 
it  was  really  nothing  more  than  a  stinking  marsh.  Amongst  the  other  cases  there  was  not  one  in 
which  disease  had  been  attributed  to  a  sewage-farm  conducted  on  proper  principles.  In  ever)-  case 
of  disease  he  had  found  that  the  soil  was  sewage-sodden  or  something  of  that  sort,  sufficient  to 
indicate  that  the  sewage-farm  was  not  conducted  on  proper  principles.  If  there  was  no  evidence 
to    indicate    that    disease    arose   from    sewage-farms    at    recent    date,  they    had    very  favorable    evidence. 

"The  report  of  the  judges  of  the  Sewage-Farm  Competition  of  1879  found  that  the  average  rate 
of  mortality  on  nine  sewage-farms  did  not  exceed  three  per  one  thousand  per  annum.  That  was  a 
very  low  rate  indeed.  Then  the  results  of  the  sanitary  inquiry  issued  on  sewage-farming  showed 
that  it  was  not  detrimental  to  life  or  to  health.  Dr.  Buchanan,  in  1870,  had  said  that  the  health  of 
the  children  in  the  irrigated  district  was  much  improved  The  report  of  the  British  Association  Sew- 
age Committee  in  1873,  which  was  arrived  at  after  a  study  of  all  the  aspects  of  the  sewage  question, 
showed  that  the  committee  came  to  the  conclusion  that  in  no  instance  had  any  disease  whatever  been 
traced  among  the  laborers  on  the  farms,  or  among  the  inhabitants  in  the  vicinit)',  or  among  the  cattle. 
As  to  the  question  of  ciitozoa,  Dr.  Tidy  had  endorsed  Dr.  Cobbold's  views,  but  he  did  not  believe 
that  there  had  been  any  fact  brought  forward  about  the  spread  of  parasitic  disease  from  sewage- 
farms  The  British  Association  Sewage  Committee  came  to  the  conclusion  that  there  were  no  facts 
in  support  of  Dr.  Cobbold's  views,  and  that  tlie  sewage  killefl  the  parasitic  larvse.  If  the  sewage  killed 
them,  they  could  not  possibly  develop,  and  that  disposed  of  the  matter  once  for  all.  Those  who 
supported  the  cntozoa  theory  had  still  to.  prove  that  the  ova  of  tape  and  other  worms  were  able  to  exist 
in  sewage  at  all  Sewage  was  generally  an  alkaline  fluid,  and  the  Iiabitat  of  worms  in  the  intestines 
was  an  acid  fluid.  It  had  yet  to  be  proved  that  the  ova  of  tape-worms  could  exist  for  an}'  length 
of  time  in  alkaline  fluid." 

These  discussions,  and  indeed  all  testimony  that  can  be  gathered  concerning  the  irrigation  disposal 
of  sewage,  emphasize  the  importance  of  proper  care  and  regulation.  If  ^\■e  are  merely  to  purchase  a 
certain  amount  of  land  and  appropriate  a  certain  amount  of  mone}-  to  conduct  its  processes,  and  are 
then  to  leave  the  administration  of  the  farm  in  the  hands  of  careless  or  stupid  persons,  we  had 
better  by  far  seek  some  other  means  of  disposal,  even  though  much  less  effective.  Irrigation-disposal 
will  not  manage  itself;  it  is  a  process  which,  under  proper  conditions,  will  accomplish  its  nnportant 
end  with  efficiency  and  with  certainty,  but  without  proper  control  it  may  easily  become  a  nuisance. 
Fortunately,  with  suitable  soil,  properl}-  prepared  and  properly  adjusted  to  the  amount  of  work  that  it 
has  to  do,  a  fair  amount  of  intelligence,  and  due  fidelity  are  all  that  arc  needed  for  its  control,  so  that 
the   requirement   of    good   management   need   offer  no  clifficidt)-  that   cannot   easily  be  surmounted. 

The  influence  of  sewage-irrigation  farms  ujion  public  health  and  comfoit  is  thus  reviewed  in 
Parkes'  "Manual    of    Practical   Hygiene"  (1884^  edited    by   De  Chaumont : 

"That  sewage-farms,  if  too  near  to  houses  and  if  not  carefully  conducted,  may  give  off  disagreeable 
effluvia   is   certain;  but   it   is  also  clear  that   on  some  farms  this  is  \er)- trifling,  and  that  when   the  sewer- 
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water  gets  on  the  land  it  soon  ceases.  It  is  denied  by  some  persons  tliat  more  nuisance  is  created  thari 
by  any  other  mode  of  using  manure.  As  regards  health,  it  has  been  alleged  that  these  farms  ma)-, 
first,  give  off  effluvia  which  may  produce  enteric  fever,  or  dysentery,  or  some  allied  affection ;  or, 
second,  aid  in  the  spread  of  oitozoic  diseases;  or,  third,  make  ground  swampy  and  marshy,  and  may 
also  poison  wells,  and  thus  affect  health. 

"The  evidence  of  Edinburgh,  Croydon,*  Aldershot,  Rugby,  Worthing,  Romford,  and  the  Sussex 
Lunatic  Asylum  f  is  very  strong  against  any  influence  in  the  production  of  typhoid  by  sewage-farm 
effluvia.  On  the  other  hand,  Dr.  Clouston's  record  of  the  outbreak  of  dysentery  in  the  Cumberland 
Asylum  is  counter-evidence  of  weight,  and  so  is  one  .of  the  cases  noted  by  Letheby, ;};  of  a  typhoid 
fever  outbreak  at  Copley,  when  a  meadow  was  irrigated  with  the  brook-water  containing  the  sewage 
of  Halifax. 

"The  negative  evidence  is,  however,  so  strong  as  to  justify  the  view  that  the  effluvia  from  a  well- 
managed  sewage-farm  do  not  produce  typhoid  fever  or  dysentery,  or  any  affection  of  the  kind.  In  a 
case  at  Eton,  in  which  some  cases  of  enteric  fever  were  attributed  to  the  effluvia.  Dr.  Buchanan 
discovered  that  the  sewer-water  had  been  drunk  ;  this  was  more  likely  to  have  been  the  cause." 

The  review  concludes: 

"  The  third  criticism  appears  to  be  true.  The  land  may  become  swampy,  and  the  adjacent  wells 
poisoned,  and  diseases  (ague,  §  and  perhaps  diarrhoea  and  dysentery)  be  thus  produced.  But  this  is 
owing  to  mismanagement,  and  when  a  sewage-farm  is  properly  arranged  it  is  not  damp,  and  the  wells 
do  not  suffer." 


CAPACITY   OF  THE   -SOIL  TO   PURIFY   SEWAGE. 

It  is  generally  assumed  in  England  that  land  should  be  provided  for  irrigation  at  the  rate  of  one 
acre  for  each  100  of  the  population.  It  is  to  be  remembered  in  this  connection  that  in  all  of  the 
systems  of  sewerage  in  use  in  England  a  greater  or  less  amount  of  storm-water  is  admitted  ;  sometimes 
from  the  whole  area,  and  sometimes  only  from  back  roofs  and  court-yards,  but  always  enough  greatly 
to  increase  the  flow.  This  increase  cofties  at  a  time  when  the  sewage-farm  itself  has  received  the 
full  volume  of  the  rainfall,  and  when  it  is  least  able  to  deal  with  even  the  ordinary  flow  of  sewage. 
The  difTfiiculty  in  this  case  will  be  greatly  lessened   \\here  all  storm-water  is  excluded   from  the  sewers. 

The  same  result  cannot  be  secured  by  any  system  j'et  devised  for  removing  the  surplus  water  of 
storms  by  storm-overflows.  These  overflows  must  be  so  placed  as  not  to  allow  the  discharge  of  any 
portion  of  the  dry-weather  flow,  even  when  running  at  its  fullest  volume,  so  that  during  rain  much 
more  than  the  full  volume  of  the  dry-weather  flow  will,  during  the  whole  storm,  be  carried  to  the 
irrigation-field 

Another  reason  for  the  large  average  of  land  provided  for  in  England  lies  in  the  fact  that  in 
many  cases  the  area  is  greater  than  is  now  needed,  provision  having  been  made  for  the  future 
growth  of  tributary  population,  and  often  because  the  efifort  is  made  to  derive  a  profit  from  the  irriga- 
tion, for  which  end  the  oversaturation  of  the  land  even  during  storms  must  so  far  as  possible  be 
avoided. 

It  should  be  remembered  that  these  farms  were  established,  and  the  general  method  of  their 
management,  as  well  as  the  theory  of  their  operation,  were  pitched  fifteen  or  twenty  years  ago.  As 
English  engineers  sometimes  fail  to  adopt  new  ideas  till  others  have  made  them  old,  there  has  been 
no  recent  material  general  modification  of  the  construction  and  management  of  sewage-irrigation.  'I  here 
has,   during  this   time,  been   a   great    increase   of   knowledge   on   the  subject,   antl    if   all    the   sewage-farms 

*  "  C.Tr|)enler  ;    various  papers  and  essa\'s  on   this  snljjccl   drawn   from   llie   experience  of  Cro)don  sewage-farm." 
f  "Dr.  J.  W.   Williams,  Biilish  Medual  Journal."  Mav   ir,   1872,  {  "The    Sewa!;u    Qnesiion,''    p.    190. 

§  "There  is  no  ague  or  any  other  disease  traceable  to  the  sc  wayc-iriigation  ai  Craigenlinny,  near  Edinburgli." 
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of  England  could  be  blotted  out,  and  if  tlie  art  could  be  considered  anew  in  the  light  of  what  is 
now  known,  some  important  modifications  would  be  made.  Therefore,  while  the  experience  there 
gained  is  most  convincing  and  of  great  value,  we  ought  not  to  regulate  the  scope  and  scale  of  our 
works  solely  according  to  what  we  find  there. 

An  analysis  of  the  facts  and  figures  of  irrigation-farms  at  once  demonstrates  the  possibility  of 
increasing  to  a  very  considerable  extent  the  number  of  persons  whose  wastes  can  be  taken  care  of 
by  an  acre  of  land. 

For  example,  at  Gennevilliers  600  hectares  of  land  (1,482  acres)  dispose  of  18,000,000  cubic  metres 
(4,950,000,000  gallons)  per  annum.  This  is  30,000  cubic  metres  per  hectare,  or  3,340,081  gallons  per 
acre  per  annum — that  is,  9, 151  gallons  per  acre  per  day.  At  60  gallons  per  person,  this  is  equal  to 
over  150  persons  per  acre.  We  happen  to  have  an  incidental  reference,  indicating  that  the  soil  at  Gen- 
nevilliers is  capable  of  receiving  a  much  larger  amount  of  sewage,  in  the  report  of  Marie-Davy's  ex- 
periment with  a  large  artificial  area  drained  at  a  depth  of  six  feet.  This  was  covered  with  growing 
crops,  and  it  received  sewage  at  the  rate  of  48,000  cubic  metres  per  hectare  per  annum.  During  the 
six  months  of  the  experiment,  24,000  cubic  metres  of  sewage  per  hectare  being  applied,  only  1,600 
cubic  metres  per  hectare  reached  the  drains  six  feet  below  the  surface.  The  rest  was  evaporated  by 
the  land  and  by  the  crops.  This  shows  that  a  much  larger  dose  might  have  been  applied.  What  was 
applied  was  equal  to  12,576,000  gallons  per  hectare,  or  5,093,117  gallons  per  acre  per  annum,  being 
13,953  gallons  per  day,    giving  at   60  gallons   per  person  232     persons  per   acre.      This  can  be  exceeded. 

Mr.  Pontzen  says  in  his  report  on  the  sewerage  of  Havre  :"  Experience  at  Gennevilliers  has  de- 
monstrated that  on  permeable  lands  the  yearly  irrigation  may  reach  even  to  100,000  cubic  metres  per 
hectare."     By  the  calculation  above  made    this  would  give  487  persons  per  acre. 

It  is  to  be  borne  in  mind,  however,  that  the  use  of  sewage  at  Gennevilliers  is  entirely  at  the  dis- 
cretion of  the  landholders;  they  use  what  they  want  and  as  they  want  it.  The  work  is  therefore  con- 
trolled   from  the   agricultural,  and  not  at  all   from  the   purification,  standpoint. 

At  the  irrigation-works  at  Breslau,  where  all  of  the  storm-water  is  admitted  to  the  sewers,  the  pro- 
portion of    land  to  population  is  about  one  acre  to  400  persons.     No  trouble   is  experienced  from  frost. 

A  safe  rule  to  adopt  would  be  to  secure  as  much  land  as  possible.  Sewage  may  be  made  useful 
agriculturally,  one  way  or  another,  even  at  the  rate  of  one  acre  for  20  persons.  With  a  suitable 
soil  I  should  not  hesitate  to  use  one  acre  for  500  persons,  the  sewage  being  entirely  free  from  storm- 
water,  and  suitable  provision  being  made  for  occasional  disposal  by  filtration-beds  or  trenches  at  such 
times  as  the  condition  of  the  crops  made    it    desirable    to    withhold   sewage   from   the    fields. 

Under  the  system  of  downward  filtration  in  its  intensified  form  one  acre  may  be  made  to  sufifice 
for  the   purification   of  the  sewage  of  J, 000  persons. 


CHEMICAL   PROCESSES. 

Various  processes  are  in  extensive  use  in  England  for  securing  the  precipitation  of  the  suspended 
matters  of  sewage.  The  stream  is  ponded  in  tanks  of  large  size  so  as  to  reduce  its  movement  to  a 
minimum,  and  there  are  mixed  with  it  lime,  salts  of  iron  or  alumina,  or  other  coagulating  or  precipi- 
tating agents,  which  cause  practically  all  suspended  matters  to  be  deposited  as  "sewage-sludge."  The 
supernatent  water  flows  off   clear,  but  still  containing  the  soluble  impurities  of  the  sewage. 

This  may  often  be  .safely  delivered  into  rivers,  provided  these  are  not  used  for  domestic  water- 
supply.  Tile  process  is  somewhat  intricate  and  quite  costly.  The  purification  is  more  apparent  than 
real,  and  these  processes  arc  chiefly  useful  in  rcmox'ing  from  sewage  substances  which,  in  intensive  ii'ri- 
gation,   might  tend  to  clog  the  soil   to   which    it   is  applietl. 

While  chemical   processes  are  proving  useful  in  England,  it   se-ems  to  me  that   they  are  hardly  worth}- 
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of  serious  consideration  here,  unless  in  exceptional  cases  where  it  may  be  considered  worth  while  to 
remove  the  coarser  suspended  matters  before  irrigation  on  very  restricted  areas,  sending  the  partially 
clarified  effluent  to  the  field.  Simple  subsidence  by  ponding,  and  the  removal  of  floating  matters  by 
screening,  will  generally  suffice  for   this. 

So  far  as  I  have  been  able  to  discover,  the  better  opinion  of  American  engineers  who  have  given 
attention  to  the  subject  is  fairly  expressed  by  Mr.  Benezette  Williams,  who,  in  his  Hyde  Park  report, 
says  of  chemical  and  mechanical  processes  of  precipitation  that  they  "  are  numerous  and  have  had 
repeated  trials  in  Europe,  but  without  any  of  them  securing  permanent  recognition  as  being  suitable 
for  general  application  when  cost  and  the  purity  of  the  effluent  water  is  considered.  Such  methods 
are  not  now  being  applied  in  new  cases  to  any  great  extent,  and  they  have  few,  if  any,  advocates  of 
importance." 

In  the  same  report  Mr.  Williams  says : 

"  In  a  sanitary  way,  experience  teaches  that  land  purification  of  sewage  is  successful  on  the  whole. 
The  only  cases  where  it  has  fallen  short  are  those  where  the  land  is  not  properly  prepared  by  artificial 
or  natural  means  for  the  reception  of  the  sewage,  or  where  the  method  of  distributing  the  sewage  is 
defective,  or  where  gross  carelessness  has  existed  in  the  management.  The  financial  results  have 
been  very  diverse." 

Dr.  Pfeiffer,  of  Wiesbaden,*  has  this  to  say  on  the  insufficiency  of  the  purification  of  sewage  by 
means  of  chemical  process: 

"  For  some  incomprehensible  reason,  this  entirely  impracticable  and,  as  regards  its  results,  most 
unsatisfactory  mode  of  treatment  has.  during  the  last  few  years,  grown  much  in  favor,  and  the  author 
is  of  opinion  that  the  time  has  arrived  when  a  strenuous  opposition  should  be  offered  to  these  so-called 
clarification  processes,  and  when,  in  the  interests  of  municipal  authorities,  a  warning  should  go  fortii 
against  the  excessive  cost  of  the  chemical  systems  of  treatment  as  compared  with  the  good  they  can 
effect." 

Assuming  that  the  main  object  to  be  accomplished  is  the  removal  from  the  sewage  of  bacteria, 
he  says  : 

"  This  may  be  accomplished  in  two  ways :  either  by  utterly  destroying  all  their  germs,  or  by 
extracting  from  the  sewage  the  whole  of  the  food  substances  which  serve  for  their  support. 

"  Before  the  influence  of  bacteria  was  so  well  known  as  it  now  is,  it  was  thought  all  sufficient  if 
the  effluent  from  the  sewage,  after  treatment  with  lime,  magnesia,  alumina,  or  salts  of  iron,  was  ren- 
dered clear  to  the  eye,  whereas  it  is  no  longer  a  matter  of  doubt  that  this  clarification  is  only  a  treach- 
erous mask,  and  that,  as  the  food-stuffs  of  the  bacteria  remain  in  the  water,  it  will  soon  again  decom- 
pose and  become  filled  with  these  organisms.  It  must  then  be  evident  that,  as  no  chemical  treatment 
can  comply  with  the  requirements  of  modern  science,  it  is  useless  to  compel  towns  to  adopt  costly 
chemical  systems  of  clarification." 

Professor  Corfield,  one  of  the  most  unprejudiced  and  intelligent  of  English  writers  on  this 
subject,    says : 

"  The  Committee  of  the  British  Association  on  the  Treatment  and  Utilization  of  Sewage 
arrived    at    the    following    conclusions  (Report,  1873,  p.  449): 

'"That  the  precipitation  processes  that  it  (the  committee)  has  examined  are  all  incompetent,  and 
necessarily  so,  to  effect  mort;  than  a  separation  of  a  small  ]iart  (if  the  valuable  ingredients  of  sewage, 
and  that  only  a  partial  purification  is  effected  by  them.  Some  of  them  may,  however,  be  useful  as 
methods   of   effecting  a    nmrc    ra])id    and   complete    separation   of  the  sewage  skulge.' 

* '■  V'ici  li  Ijiilnssilnifl    fill    iiflcmliclic   Gc-siindlRitspHcgc,"    iSSS,    p.    50. 
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"  All  these  precipitation  processes  do,  then,  to  a  certain  extent,  purify  the  sewage  and  prevent  the 
pollution  of  rivers,  chiefl}-  by  removing  the  suspended  matters  from  the  sewage  ;  but  they  all  leave  a 
very  large  amount  of  putrescible  matter  in  the  effluent  water,  and  at  least  ail  the  ammonia  contained 
in  the  sewage  (sometimes  they  add  to  it.;  the  greater  part  of  the  phosphoric  acid  is  precipitated  by 
some  of  them,  while  they  increase  the  hardness  of  the  river-water,  a  matter  of  great  importance  if 
the  stream    be    a    small  one." 

He  says  that  sewage-irrigation  was  not  adopted  at  Berlin  until  after  experiments  had  been 
made  with  a  large  number  of  chemical  processes;  quoting  Uurand-Claye's  statement:  "All  these 
experiments  led  to  the  results  everywhere  obtained  by  such  methods  of  treatment  of  sewage  : 
clarification,    but    not    purification;    great    expense    and    much    difficulty." 


SEWAGE-DISPOSAL  AT  NORRISTOWN,  TA. 

In  1885  I  constructed  works  for  the  disposal  of  the  sewage  of  the  State  Hospital  for  the  Insane, 
Southeastern  District  of  Pennsylvania,  located  near  the  city  of  Norristown. 

The  excellent  facilities  for  drainage  offered  by  a  stream  called  Stony  Brook,  which  runs  through 
the  northern  part  of  the  city,  was  made  one  of  the  chief  inducements  offered  by  the  people  of  Norris- 
town in  urging  the  location  of  the  hospital  at  this  point.  The  hospital  being  fairly  in  operation,  an 
outcry  was  soon   occasioned    by    the   fouling  of   Stony  Brook   by   the  offscourings  of  the  establishment. 

The  following  description  of  the  work,  illustrated  by  Plates  XXIV.  and  XXV.,  is  copied  from 
my  report  to  the  trustees  of  the  institution  : 

The  work  was  so  far  completed  that  sewage  was  admitted  to  the  flush-tank  on  the  1 2th  of  June. 
The  first  discharge  of  the  tank,  however,  developed  a  weakness  in  some  of  the  joints  of  the  pipe 
leading  from  the  brook  to  the  distributing-well,  and  it  was  deemed  best  to  take  up  and  re-lay  this 
whole  line,  securing  the  joints  by  laying  the  pipes  in  concrete.  The  apparatus  was  brought  into 
regular- operation  on   the  24th  of  June. 

During  the  first  montli  or  two,  after  the  distribution  of  sewage  was  begun,  each  discharge  led  to 
a  considerable  settling  of  the  earth-filling  over  the  under-drains,  a  large  amount  of  sewage  flowing 
directly  down  and  discoloring  the  outflow  of  the  under-drainage  system.  This  difficulty  was  gradually 
modified,  but  not  until  the  very  heavy  storm  of  August  3  was  the  ground  so  compacted  that  serious 
settlement  did  not  follow  each  copious  discharge  of  sewage.  Since  that  time,  although  no  consider- 
ab'e  apparent  settlement  has  occurred,  there  is  still  continued  a  tendency  to  open  a  passage-way  for 
sewage  at  different  points  along  the  lines  of  the  under-drains.  Whenever  these  are  discovered  they 
are  carefully  rammed,  and,  little  by  little,  the  ground  is  being  brought  into  such  condition  as  to  prevent 
direct  flow  of  sewage  from  the  surface  to  the  drains. 

Over  a  portion  of  the  irrigation-field  a  good  growth  of  oats  was  secured,  but  over  the  remainder 
the  work  of  grading  was  not  finished  in  time  for  anything  to  be  grown.  The  oats  have  been  ploughed 
in,  the  ground  has  been  put  into  good  condition,  and  the  whole,  except  the  level  tract  in  the  centre 
of  the  field,  is  now  sowed  with  rye  and  grass  seed — four  different  tracts,  of  about  one  and  a  half  acres 
each,  having  been  sown,  respectively,  with  orchard  grass,  blue  grass,  Italian  rye-grass,  and  perennial 
rye-grass.  These  are  considered  the  best  grasses  to  be  grown  with  sewage-irrigation,  and  the 
comparative  trial  between  them  will  soon  show  which  is  best  suited  to  the  conditions  here  existing. 
The  rest  of  the  field  outside  of  the  level  tract  has  been  sown  with  timothy;  this  to  be  followed  with 
whichever  one  of  the  other  kinds  of  grass  experience  may  show  to  be  best  suited. 

The  level  tract  will  not  be  sown  this  season.  It  will  be  flooded  to  any  extent  that  may  be 
necessary  to  avoid  an  undue  flooding  of  the  sown  portions  of  the  land,  giving  the  best  possible  oppor- 
tunity to  the  different  grasses  to  establish  themselves  uniformly. 

■  As  another  means  of    relief,  the  extreme  northwestern  end  of   the  island   has    been    roughly  levelled 
and  prepared  to  receive,   from   time  to  time,  copious  doses  of  sewage. 
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Still  another  means  of  relief  for  use,  wliile  the  grass  is  becoming  cstablislied,  has  been  provided 
in  the  truck-patch,  east  and  south  of  the  flush-tank.  The  arrangement  here  made  will  not  only  serve 
the  temporary  purpose  of  getting  rid  of  a  large  amount  of  sewage,  which  it  is  desirable  to  keep  off 
from  the  island  for  a  time,  but  will  be  permanently  useful  in  affording  good  doses  of  sewage,  when- 
ever needed,  for  the  irrigation  of  the  vegetables  growing  there ;  abundant  means  for  fertilization  and 
for  watering  being  always  at  the  gardener's  hand. 

The  institution  numbers  about  fifteen  hundred  inmates.  The  total  daily  consumption  of  water 
Is  about  one  hundred  and  fifty  gallons  per  head.  Originally  the  foul  sewers  and  rain-water  sewers  of 
the  whole  establishment  were  connected  with  an  outlet  into  the  brook  south  of  the  main  entrance 
to  the  grounds.  The  discharge  at  this  point,  of  kitchen  grease  "and  water  closet  matters,  was  so 
obviously  offensive  that  the  need  for  withholding  what  was  supposed  to  be  the  worst  element  of  the 
outflow  was  soon  manifested. 

Then  a  separate  set  of  drains  was  laid  connecting  with  the  water-closets  only  ;  leaving  urinals, 
baths,  laundries,   and   kitchen  and    dining-room   sinks  still    to   flow  with  the  rain-water 

The  water-closet  matters  were  delivered  into  two  large  cesspools  under  the  buildings  used  for 
paint-shop,  etc.  These  overflowed,  as  to  the  liquid  portions  only,  into  the  drains  leading  to  the  brook 
above  mentioned. 

This  system  failed  to  afford  the  relief  that  was  hoped  for,  and  naturally  so.  All  that  it  really 
did  was  to  withhold  solid  faecal  matter  and  paper,  and  to  get  rid  of  much  apparent  foulness.  The 
real  condition  was  worse  rather  than  better,  for  fresh  fa:cal  matter  delivered  into  a  stream  is  much 
less  objectionable  than  the  putrid  overflow  of  recejjtacles  in  which  it  lies  rotting.  Furthermore,  f<-Ecal 
matter  is  neither  the  most  considerable  nor  the  most  offensive  of  the  drainage  of  this  institution  or 
of  any  other  aggregation  of  human  beings.  There  is  more  solid  matter  in  the  urine  evacuated  by  a 
man  than  in  his  faecal  discharges.  While  the  latter  give  off  the  more  offensive  odors  in  their  fresh 
condition,  the  former  is  the  more  offensive  after  putrefaction.  Then  again,  it  is  probably  true  that  the 
quantity  of  solid  matter  delivered  during  twenty-four  hours  through  the  sinks  of  the  establishment  is 
greater  than  that  delivered  through  the  water-closets.  It  is  capable  of  becoming  quite  as  offensive 
under  putrefaction. 

Be  the  cause  what  it  may,  it  is  evident  that  the  condition  of  the  discharges  into  the  brook  was 
not  ameliorated,  and  that    the    condition   of  Stony  Creek  was  not  improved. 

The  purpose  of  the  work,  that  has  now  been  done,  has  been  to  withdraw  from  the  drain  .deliver- 
ing into  this  brook  all  organic  matter  of  every  kind,  leaving  nothing  whatever  to  flow  in  that  direc- 
tion except  the  rain-water  which  falls  on  the  roofs  and  on  the  ground.  This  purpose  has  been  sub- 
stantially  effected. 

The  branch  sewers  connected  with  the  outlets  of  the  eight  different  pavilions,  and  with  the  laun- 
dry, kitchen,  administration  building,  etc.,  deliver  into  a  main  sewer,  which  begins  in  the  rear  of  section 
8  of  the  ward  buildings,  and  (to  avoid  making  a  new  rock-cutting)  follows  the  course  of  the  original 
sewer,  whicli  passes  between  section  2  and  section  3,  between  the  kitchen  and  the  chapel,  and  between 
section  5  ^'id  section  6.  It  flows  in  the  opposite  direction,  the  original  flowing  to  the  west  and  the 
new  sewer  flowing  to  the  east.  After  passing  under  the  corridor  connecting  section  2  with  section  3, 
it  turns  in  a  southerly  direction,  passing  under  the  corridor  leading  to  the  new  building,  then  to  the 
east,  southerly  of  the  new  building,  to  the  flush-tank. 

This  flush-tank  is  forty  feet  scpiarc.  It  is  surrounded  with  brick  walls  sixteen  inches  thick  for  one- 
half  their  height  and  twelve  inches  thick  above  that,  and  refunded  at  the  Ui\>.  Its  bottom  is  cov- 
ered with  six  inches  of  concrete.  It  is  built  of  hard  brick,  laid  and  faced  with  Portland  cement.  The 
same  cement  is  used  in  the  concrete  bottom.  Its  discharging  depth — that  is,  the  distance  between  the 
bottom  and  top  of  the  discharging  siphon — is  five  feet.  Its  contents  within  these  limits  equal  about 
si.xty-five  thousand  gallons.  Ordinarily,  about  fifteen  thousand  gallons  more  flow  into  the  tank  during 
its   discharge,  so  that    at   each    discharge    it   delivers  about  seventy-five  thousand  gallons. 

A  vertical  iron  strainer  encloses  the  corner  of  the  tank  at  which  the  sewer  delivers,  retaining 
there,   for  removal  by   hand,  tiie  paper  and    other   large    objects    entering    from   the   institution. 

The  tank  is  discharged  by  a  vertical  Rogers  Field  siphon,  which  is  brought  into  action,  auto- 
matically, when  the  overflow  begins,  and  which  is  unsealed  at  the  close  of  the  discharge,  so  that  no 
more  sewage   can    escape   until   the   tank    is  again   filled   to    the   overflow   point. 
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In  addition  to  this  siphon,  and  as  a  provision  against  accident,  an  iron  overflow-pipe  passes  through 
tlie  side  wall  of  the  tank  at    a  level  a    little  above  the  top  of  the  siphon. 

The  main  outlet  fi'om  the  flush  tank  is  through  an  eight-inch  pipe,  main!)'  of  vitrified  earthenware, 
but  of  iron  where  it  passes  under  Stcjny  Creek.  This  pipe  discharges  on  the  far  side  of  the  irriga- 
tion-field, at  the  bottom  of  a  distributing-well,  which  is  about  seven  feet  deep  and  six  feet  in  diame- 
ter, with  twelve-inch  walls.  This,  like  the  flush-tank,  is  built  of  hard  brick,  laid  and  faced  with  Port- 
land cement.  It  has  at  its  top  three  semi-circular  depressions  of  the  wall  for  the  discharge  of  the 
sewage,  one  opening    to    the   north,  one   to  the   south,  and  one    to  the   west. 

From  these  three  openings  start  the  carrier  ditches  by  which  the  sewage  is  led  to  the  different 
parts  of  the  irrigation-field  ;  that  to  the  north  extends  to  the  north  end  of  the  field,  and  that  to  the 
south  to  the  south  end.  They  are  laid  at  about  the  grade  at  which  the  main  discharge  will  barely 
escape  overflowing  until  set  back  by  the  end  of  the  ditch  or  a  movable  dam  inserted  to  obstruct  it. 
By  changing  the  position  of  these  dams  it  becomes  easy  to  deliver  sewage  over  such  parts  of  the 
field  as   it  may  be  desired   to    reach. 

The  carrier,  leading  from  the  westerly  opening  of  the  well,  delivers  sewage  into  a  nearly  level 
carrier,  which  discharges  at  both  ends  into  a  series  of  absorption-ditches  surrounding  and  crossing  a 
level  tract.  Sewage  can  be  delivered  to  one-half  or  the  other  of  this  tract  by  a  suitable  arrangement 
of  gates. 

The  parallel  ditches  of  this  tract  are  separated  by  beds,  which  may  be  used  for  the  cultivation  of 
vegetables   or  for  the  growth  of  willows  or  grass. 

This  level  tract  is  intended  partly  as  a  relief  area,  having  ample  capacity  to  receive  several  con- 
secutive discharges  of  the  flush  tank  when  it  may  be  desirable,  for  harvesting  or  for  other  reasons, 
to  allow  the  grass  covered  portion  of  the  field  to  become  dry.  This  tract  should  not  be  used  so  con- 
tinuously that  the  ditches  will  become  foul. 

Present  experience  indicates  that  a  whole  discharge  of  the  tank  may  safely  be  delivered  on  to  about 
one-quarter  of  the  grassed  area,  and  that  each  may  receive  three  or  four  discharges  of  the  tank  consecu- 
tively. The  total  production  of  sewage  being  between  200,000  and  300,000  gallons  per  day,  each 
of  these  four  tracts  may  be  used  throughout  the  day  and  may  be  allowed  three  days  for  recuperation. 
If  necessary,  as  stated  above,  further  relief  may  be  given  by  the  use  of  the  level  tract.  The  supple- 
mentary field  north  of  the  main  area  is  capable  of  receiving  a  tankful  of  sewage  from  time  to  time, 
and,  in  addition  to  this,  there  is  a  branch  outlet  from  the  discharge  pipe  near  the  flush-tank,  by  which 
a  tankful  of  sewage  ma)',  whenever  desired,  be  delivered  on  to  the  truck-patch  on  both  sides  of  the  rail- 
road, south  of  the  discharge-pipe. 

Another  carrier  leads  from  a  small  opening  in  the  upper  part  of  the  flush-tank,  through  which  a 
continuous  flow   may  be  delivered  on  to  higher  land  whenever  desired. 

It  was  understood  when  the  work  was  decided  on,  and  when  the  ground  was  frozen,  that  the 
irrigation-field  consisted  of  gravel  and  sand  that  had  been  deposited  by  floods  of  Stony  Creek ;  it  was 
found  on  examination,  after  the  frost  had  left  the  ground,  that  the  whole  area  is  a  hard,  original  forma- 
tion, largely  underlaid  with  rock  within  a  few  feet  of  the  surface.  This  made  it  necessary,  in  order 
that  the  purified  sewage  might  be  removed  with  sufficient  freedom,  to  under-drain  the  whole  tract 
at  a  depth  of  from  five  to  eight  feet  with  agricultural  drain-tiles. 

The  main  drain  follows,  apparently,  an  earlier  course  of  Stony  Creek  through  a  natural  depression 
of  the  area.  The  branch  drains  are  so  laid  as  to  follow  in  a  general  way  the  steepest  slope  of  the 
land.  The  outlet  of  the  under-drains  is  all  at  one  point  into  Stony  Creek  at  the  southerly  line  of  the 
field. 

The  irrigation-area  is  bordered  on  the  east  by  a  mill-race  with  imperfect  banks,  and  with  a  ten- 
dency to  overflow  and  to  break  through  during  freshets.  As  a  protection  to  the  field  a  ditch  was  dug 
inside  of  this  race,  finished  at  the  bottom  with  a  wooden  water-way,  and  Ijanked  with  sodded  slopes. 
This  ditch  follows  the  course  of  the  mill-race  from  the  northerly  to  the  southerl}-  end  of  the  property, 
and  at  its  lower  end  is  connected  by  a  ten-inch  pipe  with  a  similar  ditch  leading  its  flow  to  Stony 
Creek  near  the  outlet  of  the  under  drains. 

The  iri'igation-field  was  very  irregular  in  its  surface ;  was  filled  with  stones,  largely  under-laid 
with  hard-pan,  very  swampy  in  parts,  and  largely  occupied  with  trees,  bushes,  tussocks,  pollard  wil- 
lows, etc.     It   has,  at   considerable  cost    for  labor,  been  brought   to   a    uniform    grade    suited    to    its    uses, 
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and  all  but  a  few  of  its  larger  trees  have  been  '-cmoved.  It  is  hoped  that  the  supply  of  moisture  at 
the  surface  will  be  sufficient  to  prevent  the  roots  of  these  trees  from  obstructing  the  under-drains 
below  ;  it  is,  however,  possible  that  they  will  have  to  be  removed. 

The  main  sewer  enters  the  tank  a  little  above  its  bottom,  and  the  discharge  (the  bottom  of  the 
siphon)  is  at  the  level  of  the  bottom  of  the  tank.  The  pipe  descends  rapidly  to  tlie  bottom  of  Stony 
Creek,  whence  it  rises  to  the  bottom  of  the  well.  When  the  well  is  full  the  dead-water  line  is  about 
fourteen  feet  above  the   lowest  point  of  the  pipe,  which  acts  as  an  inverted  siphon. 

It  is  proper  to  say  that  there  is  nothing  novel  in  the  principles  of  the  system  liere  adopted.  The 
arrangement  for  securing  an  intermittent  discharge  is  somewhat  different  in  detail  from  what  has 
hitherto  been  done,  but  all  parts  of  the  system  have  the  support  of  ample  successful  experience.  The 
theory  of  the  operation  is  this : 

When  foul  water,  such  as  sewage,  is  delivered  on  to  land  not  already  occupied  by  water  it  de- 
scends by  gravity.  Its  impurities  are  strained  out  and  attached  to  the  particles  of  the  soil  just  as 
they  would  be  attached  to  the  particles  of  any  other  filter.  Within  a  certain  distance  of  the  surface 
they  are  all  removed,  and  the  water  descending  below  that  point  is  pure.  In  land  like  that  under 
consideration  this  water  descends  to  the  level  of  the  under-drains,  and  there  raises  the  general  level 
of  the  subsoil  water,  which  rises  through'  the  joints  into  the  under  part  of  the  drains  and  is  carried 
away.  It  is  safe  to  say  that  after  the  filling  over  the  tile  drains  shall  have  become  thoroughly  com 
pacted,  forming  with  the  original  soil  one  homogeneous  mass,  no  water  will  reach  the  under-drains 
which  has  not  been  purified  by  its  gradual  descent  through  the  close  mass  of  earth.  The  outflow 
will  then  be  substantially  pure,  save  for  such  soluble  nitrates  and  other  mineral  substances  as  it  may 
dissolve  from  the  soil  or  from  the  completely  converted  filth  that  has  been  deposited  on  its  inner 
surface. 

Were  the  flow  of  sewage  to  be  continuous  on  any  one  area,  the  filter  would  become  clogged  with 
impurities,  and  would  fail  to  transmit  the  sewage,  establishing  an  unwholesome  and  offensive  condition. 
This  difficulty  is  obviated  by  delivering  it  intermittently.  After  the  discharge,  as  the  water  settles 
away,  air  enters  to  take  the  place  that  it  has  occupied.  The  o.xygen  of  this  air  is  an  important  ele- 
ment in  the  destruction  of  the  deposited  filth.  It  was  long  supposed  that  this  destruction  was  a 
simple  process  of  o.xidation,  similar  to  that  which  takes  place  in  more  rapid  combustion.  It  is  now 
known  that  the  active  agent  in  the  combination  of  oxygen  with  the  organic  matter  deposited  is  a 
living  organism  {haclcrium  tcrmo—\.\\(t  bacterium  of  putrefaction;.  It  is  essential  to  the  life  and  activity 
of  this  organism  that  it  should  have  organic  matter  on  which  to  feed,  and  oxygen  with  which  to 
convert   its  food. 

These  conditions  are  supplied  in  the  most  complete  manner  by  the  processes  here  adopted,  and 
it  makes  substantially  no  difference  whether  the  sewage  is  spread  over  the  surface  of  the  ground,  as 
on  the  main   grass   area,    or  is   delivered   by  lateral  absorption  from  filled    ditches,    as  on  the  level  area. 

When  a  tankful  of  sewage  is  discharged  it  flows  over  and  saturates  a  certain  area  of  ground. 
The  water  that  it  contains,  leaving  its  impurities  by  the  way,  descends  to  the  under  drains,  and  is 
carried  to  the  outlet.  As  it  descends  air  follows,  and  the  active  nourishment  of  bacteria  takes  place 
and  continues  until  their  pabulum  is  all  consumed.  Before  the  soil  becomes  so  clogged  with  waste 
matters  that  the  air  cannot  penetrate  with  sufficient  freedom,  that  particular  tract  must  be  withdrawn 
from  use  and  allowed  sufficient  time  for  the  consumption  of  all  its  impurities  ;  after  such  time  we  may 
return  to  it  again  and  again  without  its  purifying  power  being  lessened.  Indeed,  its  purifying  power 
will  be  increased.  The  more  water  we  pass  through  any  soil  the  more  freely  it  drains,  and  the  more 
food  for  bacteria  we  deliver  into  it  the  more  bacteria  will  be  developed.  Little  by  little,  no  doubt, 
the  range  of  action  of  these  organisms  will  be  extended  and  soil  below  that  which  is  now  suited  for 
their  growth  will   in    time  also  become  fit  for  them 

It  only  remains  to  speak  of  the  probable  effect  of  frost  on  the  working  of  this  system.  On  this 
subject  it  can  only  be  .said  that,  even  in  colder  climates  than  this,  practice  has  shown  that  nothing  is 
to  be  apprehended  on  this  score,  the  sewage  being  sufficiently  warm  as  discharged  from  the  drains  to 
work  its  way  into  the  ground. 

A  somewhat  similar  .system  of  irrigation  has  been  in  use  for  a  number  of  years  at  the  In.sane 
Asylum  at  Worcester,  Mass.,  under  a  most  rigorous  climate,  and  no  serious  difficulty  is  there  encoun- 
tered. 
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The   following   statistics   of   the    work   done  and    the   material   used   may   be   of   interest : 

There  have  been  laid 

150    feet    of    lo-inch  vitrified  pipe. 


iron  soil-pipes  in  ducts. 

pressure-pipe   at    the    outlet    of   the  tile-drain. 

pressure-pipe  at  the  brook-crossing. 

draining-tile. 


1,200 

8 

3.250 

6 

1,050 

4 

380 

6 

12 

6 

40 

8 

520 

6 

340 

5 

390 

4 

9.355 

3 

The  drain-tiles  were  laid  in   rock  bottom  from   a   few  inches  to  two  feet  deep,  as   follows: 

400  feet   of  6-inch. 

240  «  5     << 

390  "  4     " 

10,260  "  3     " 

And    in    hard-pan   and    clay,  as    follows : 

120  feet   of  6-inch. 
100  "        5     " 

9,095  "        3     " 

The  open  work  is    as  follows : 

1,360  feet  of  large  drain-ditches,  sodded. 

1,900  feet  of  carrier-ditches,  on  the  island. 

6,540  feet  of  absorption-ditches,  on  the  island,  not  sodded. 

The  accessory  work  consists  of  one  large  flush-tank,  described  above ;  five  man-holes  with  iron 
covers,  and  one  brick   distributing-well. 

In  addition  to  the  above  are  the  necessary  siphons,  branch-pieces,  stop-gates,  and  other  accessories. 

This  irrigation  has  gone  on  regularly  since  June,  1885,  under  the  care  of  a  faithful  workman 
selected  from  the  construction-gang.  Save  for  the  direct  flow  of  sewage  to  the  draining-tiles 
which  is  now  overcome,  its  operation  has  always  been  most  satisfactory.  After  it  had  been  twa 
years  in  operation   General  J.    F.    Hartranft,  president  of  the  hospital   trustees,   wrote   me: 

"  Since  your  system  was  put  into  operation  at  the  hospital  every  doubt  has  given  place  to  a 
conviction  that  the  problem  of  sewerage  for  public  institutions  has  been  solved.  It  has  been  suc- 
cessful  from  the  first,  and  the  board  of  trustees  and  the  public  are  entirely  satisfied  with  the  results." 


LUNATIC   ASYLUM   AT   LONDON,   ONTARIO. 

I  am  now  (iSSg")  engaged  in  preparing  for  the  disposal  of  the  sewage  of  a  large  lunatic  asylum  in 
the  outskirts  of  the  cit)-  of  London,  Ontario.  The  work  will  be  regulated  on  tlie  same  general 
principles  as  that  at  Norristown  ;  but  as  the  tract  is  a  level  one,  affording  no  fall  for  gravity  dischaige, 
the    accumulating-tank   is  placed    deep   in   the   ground    near    the    buildings,    with    \-entiiation    through    tlie 
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main   smoke-stack,   and    its  contents    are    to   be   discharged    by   a    centrifugal    steam-pump    and    forced    to 
the  highest  part  of  the  disposal-field. 

This  field  is  divided  into  two  sections,  one  made  absolutely  level,  with  alternating  ditches  and 
beds,  and  the  other  having  a  sufficient  natural  slope  for  surface-irrigation.  None  of  the  difficulties  as 
to  soil  and  subsoil  that  presented  themselves  at  Norristown  are  encountered  here,  the  whole  tract 
being  a  light,  sandy  loam  of  the  most  favorable  quality. 


SAN   LUIS  OBISPO. 

The  little  city  of  San  Luis  Obispo,  Cal.,  has  recently  adopted  my  plans  for  its  sewerage 
and  sewage-disposal.  So  far  as  the  interior  sewerage  of  the  town  is  concerned,  there  is  nothing 
especially  worthy  of  note.  It  is  substantially  the  same  system  that  has  been  carried  out  in  San 
Diego. 

The  only  opportunity  for  direct  discharge  would  be  by  delivery  into  a  small  stream  running  through 
the  city  and  on  a  meandering  course,  mainly  through  an  agricultural  country,  for  a  distance  of  about 
twelve  miles  to  the  Pacific  Ocean.  This  stream  is  much  too  slight,  except  at  times  during  the  rainy 
season,  to  afford  anything  like  the  necessary  dilution  of  the  sewage,  and  its  use  by  those  living  along 
its   course   is  such  as  to  make  its   employment    for  this  purpose  impossible. 

Fortunately,  the  climatic  conditions  are  especially  favorable  for  agricu'tural  disposal,  and  excellent 
land  for  the  purpose  is  available  within  about  one  mile  of  the  last  branch  of  the  main  sewer.  The  line 
connecting  this  point   with  the  proposed  irrigation-field  has  a  gradual  fall  of  34  feet. 

The  main  sewer  is  15  inches  in  diameter.  After  running  3,000  feet  on  a  grade  of  i  to  250 
it  enters  a  flush-tank,  which  has  a  discharging  height  of  5  feet  and  of  which  the  discharging 
capacity,  including  the  set-back  in  the  main  sewer,  is  1,000  cubic  feet.  The  main  sewer  is  assumed 
to  run  not  more  than  one-half  full.  The  tank  is  discharged  by  a  ten-inch  siphon  delivering  into  a 
twelve-inch  vitrified  pipe  i,ooo  feet  long,  still  on  a  fall  of  I  to  250,  and  intended  to  run  full.  At  this 
point  it  is  near  the  bank  of  a  brook,  which  it  crosses  by  a  steep  pitch  to  the  bottom,  where  a  blow-off 
gate,  for  emergency  use,  is  provided.  From  the  bottom  of  the  brook  the  line  continues,  on  a  rising 
grade  of  i  to  2,000,  to  a  flush-tank,  having  a  capacity  of  10,000  cubic  feet,  at  the  highest  point  of  the 
irrigation-field.  From  the  point  where  the  line  descends  to  pass  under  the  brook  to  the  large  flush- 
tank   the  pipe  is  of  cast-iron  with   leaded  joints. 

There  is  in  the  neighborhood  a  quarry  of  bituminous  rock  of  excellent  qualit)',  suitable  for  any 
use  where  the  slopes  are  not  more  that  i  to  2.  It  was  decided  to  use  this  material  in  the  place  of 
concrete  for  the  large  flush-tank,  and  to  make  the  reservoir  of  the  tank  circular  in  form  with  a  flat 
slope.  The  tank  is  provided  with  a  screen  and  cleaning  chamber  at  its  inlet  and  is  to  be  discharged 
by  an   eight  inch  siphon.     The  discharging  height  is  3J/2  feet. 

This  arrangement  was  made  because  the  main  sewer  could  not  be  carried  to  the  large  tank  with- 
out being  depressed  and  working  under  a  head,  which  would  have  caused  serious  deposits,  and  because 
a  tank  sufficiently  large  for  effective  irrigation  could  not.  be  located  in  the  immediate  suburbs  of 
the  town.  Untlcr  the  arrangement  adopted,  the  first  tank  will  accumulate  1,000  cubic  feet  of  sewage 
and  will  then  discharge  it  very  rapidly  and  under  a  strong  head  through  the  twelve-inch  pipe  leading 
to  the  large  tank.  Assuming  ten  discharges  of  the  small  tank  to  fill  the  larger  one,  the  eleventh  dis- 
charge should  start  its  siphon  and  insure  the  deliver)'  of  11,000  cubic  feet  of  sewage  in  a  stream  suf- 
ficient  to   carry    it  over  anv  desired    pnitiou    of  the    iri'igation-area. 

Plate  XXVI.  shows  the  whole  field,  having  an  area  of  36"^  acres,  with  a  total  difference  of  elevation 
of   on!)'    12   feet.     The    conformation    of   the  natural    surface   is  shown   by  the   contour  lines  which  are  at 
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intervals  of  6  inches.  The  irregular,  dotted  lines  indicate  surface-leaders,  by  which  the  flow  may  be 
carried    to  different  parts  of   the  field. 

In  the  centre  of  the  field,  and  at  its  upper  side,  a  tract  i6o  feet  by  640  feet  is  to  be  brought  to 
a  level  grade  at  elevation  5.0,  being  2.5  feet  lower  than  the  outlet  of  the  tank.  This  tract  is  sur- 
rounded by  a  continuous  concrete  gutter,  which  is  20  inches  wide  and  10  inches  deep  on  the  upper  side 
and  at  the  two  ends.  That  at  the  lower  side  is  36  inches  wide  and  10  inches  deep,  with  its  outer 
wall  2  inches  lower  between  the  points  x  and  y.  The  space  inside  of  the  gutters  is  occupied  by  a  con- 
tinuous ditch,  returning  on  itself  and  constituting  practically  eight  parallel  ditches.  These  are  i  foot 
deep,  6  feet  wide  at  the  surface,  and  4  feet  wide  at  the  bottom.  They  are  separated  by  beds  12  feet 
wide.  Any  three  of  these  ditches  will  hold  the  entire  contents  of  the  tank,  even  making  no  allowance 
for  filtration.  They  are  brought  into  communication  with  the  end  gutters  at  the  centre  of  the  bends 
in  such  a  manner  that  this  tract  may  be  used  as  three  alternate  areas  for  intermittent  downward  filtra- 
tion, as  one  large  filtration  area,  as  a  storage-reservoir  for  three  discharges  of  the  tank,  or  as  a  settling- 
basin  for  the  deposit  of  any  solid  matters  contained  by  the  sewage  before  its  delivery  on  to  the  surface 
of  the  field,  any  section  of  the  ditches  being  used  for  this  purpose.  In  short,  it  gives  entire  control 
of  the  flow  ;  and  at  times  when,  from  the  condition  of  the  crops,  the  sewage  should  be  held  entirely 
from  the  field,  it  may  be  disposed  of  on  these  alternate  areas  for  weeks  together.  The  beds  between 
the  ditches  may  be  cultivated  in  garden  or  other  crops,  or  planted  with  osiers,  or  eucalyptus,  or  other 
water-loving  trees  or  plants.  The  land  is  of  a  character  not  to  require  under  drainage  with  ordinary 
irrigation,  but  as  the  filtration-area  may  be  used  continuously  for  some  time  it  is  proposed  to  under- 
drain  it,  as  .shown  by  the  broken  lines,  at  intervals  of  18  feet  and  at  a  depth  of  5  feet,  discharging 
the  drainage-water  into  the  creek. 

Plate  XXVII.  shows  the  details  of  the  ditches  and  gutters — Fig  i  being  a  bend  at  the  end  of  the 
ditches,  a  section  of  the  gutter,  and  the  connection  between  the  two.  The  concrete-work  is  carried 
across  the  ditch,  as  shown,  and  as  is  clearly  indicated  by  section  A  A. 

Section  V>  B  is  the  lateral  gutter  and  section  C  C  is  the  connecting  line  between  it  and  the 
ditch.  D  D  is  a  longitudinal  section  through  the  bend,  showing  the  connecting  channel  beyond. 
Section  E  E  is  that  of  the  earthen  ditches.  There  are  three  gate-slots  at  each  connection  marked  O, 
P,  and  O. 

Fig.  2  shows  the  arrangement  of  the  overflow-gutter  of  the  lower  side  of  the  filtration-area.  The 
sections  A'  A',  B'  B',  and  C  C  show  the  gradual  elevation  of  the  sides  to  compensate  for  the  retarda- 
tion of  the  flow  on  the  curve,  and  D'  D'  shows  the  section  of  the  overflow-gutter  between  x  and  y 
(Plate  XXVI.) 

If  the  gate  Q  is  open  and  P  shut,  the  flow  is  down  the  outside  gutter,  for  use  beyond.  If  O  is 
shut  and  P  and  O  open,  the  flow  is  through  the  connecting  channel  into  the  ditches;  and  if  the  gate 
O  is  open  at  the  other  end  of  the  line,  and  the  gate  P  shut,  the  flow  will  pass  through  this  ditch  and 
into  the  next  seiies.  If  all  gates  are  open  except  the  gates  Q  Q  at  the  lower  end,  the  whole  area  will 
be  used  as  a  filtration-reservoir.  If  all  of  the  gates  P  are  shut,  the  whole  flow  will  be  delivered  at  the 
lower  gutter,  x  y,  and  will  overflow  for  the  irrigation  of  the  field  below. 

If  the  sewage  has  been  allowed  to  flow  through  the  upper  series  of  ditches,  and  is  discharged  into 
the  outer  gutter  at  H,  the  gates  P  below  being  shut  as  well  as  the  lower  gate,  Q,  the  discharge  will 
be  through  the  channel  K  into  a  surface-gutter  for  the  irrigation  of  the  field.  By  a  similar  arrange- 
ment at  the  other  end  of  the  area,  the  leading  ditch  at  that  end  may  be  supplied.  Should  it  not  be 
thought  wortli  while  to  settle  the  solids  of  the  sewage,  it  may  be  excluded  from  the  filtration-area 
entirely  and  sent  direct!)-  to  the  irrigation-leaders. 

On  Plate  XXVI.  an  irrigation-ditch  is  shown  as  starting  from  the  side  of  the  reservoir, 
connecting    with    an    overflo\\'- ditch    near    contour    3,    which    is    too    high    to    be    fed     from     the    siphon- 
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discharge,  and    which  affords    the    only   means    for    reaching    a    considerable    area    of     the    field    between 

contours    3    and    5.  This    is    to    be    supplied    from    the    reservoir    itself    by   a   special    outlet    with    a 
gate. 


SUGGESTION   FOR   PROPOSED   SEWAGE-DISPOSAL  AT  WHITE   PLAINS,    N.   V. 

The  Society  of  the  New  York  Hospital,  in  considering  the  removal  of  its  insane  asylum  from 
Bloomingdale  to  its  farm  at  White  Plains  or  to  a  site  on  the  Hudson  near  Sing  Sing,  sought  informa- 
tion as  to  tlie  possibilities  of  disposal  by  irrigation  if  the   farm  should   be  selected. 

I  visited  this  farm  in  January,  1888,  when  the  ground  was  frozen  and  covered  with  snow.  Subse- 
quently, with  the  aid  of  a  contour  map,  I   suggested  the  method   described  in  the  following  report : 

My  opinion  has  been  asked  as  to  the  possibility  of  disposing  of  the  sewage  of  a  public  institution 
with  one  thousand  inmates,  using  one  hundred  thousand  gallons  of  water  per  diem,  located  on  the 
highest  portion  of  the  farm  ;  the  disposal  being  so  regulated  as  to  be  inoffensive  and  to  prevent  tlie 
contammation  of  the  springs  and  water  courses  of  the  neighborhood. 

I  find  that  the  portion  of  tlie  farm  selected  for  building  is  at  an  elevation  of  about  295  feet.  1 
assume  that  ample  fall  for  all  operations  preparatory  to  the  discharge  of  sewage  on  to  the  land  may  be 
secured  by  a  total  difference  of  elevation  of  25  feet.  I  find  that  there  are  over  fifty  acres  of  land  lying 
below  the  270-foot  contour  which  may  become  available  for  the  disposal  of  sewage  without  approach- 
ing too  nearly  the  public  roads,  water-courses,  or  springs.  This  amount  of  land,  of  the  character  that 
the  soil  of  the  farm  is  described  to  have — a  loam  over  a  porous  subsoil,  or  «'ith  facilities  for  arti- 
ficial under-drainage  where  this  condition  does  not  exist — might,  without  very  serious  difficulty,  be  made 
to  purify  the  sewage  of  five  thousand  persons  (average  one  hundred  gallons  per  person  per  diem).  That 
it  would  receive  and  purify  one-fifth  of  this  amount  in  the  most  satisfactory  manner  there  can  be  no 
question. 

Indeed,  by  a  more  intensive  method  of  application  the  purification  of  one  hundred  thousand 
gallons  of  sewage  per  day  may  be  properly  carried  out  on  three  tracts  of  four  acres  each,  to  be  used 
alternately. 

Therefore,  so  far  as  the  main  question  is  concerned,  there  need  be  no  hesitation  in  rel}ing  upon 
a  system  of  irrigation-dispo.sal  in  connection  with  this  institution,  with  confidence  that  it  will  answer 
perfectly,  and   for  all  time,  every  requirement    of  the  case. 

The  methods  of  sewage-disposal  in  connection  with  agricultural  lands  are  various.  In  this  case 
it  would  seem  proper  to  disregard  the  intermittent  downward  filtration  system,  the  ditch-absorption 
system,  and  the  sub-surface- irrigation  system,  and  to  confine  attention  to  the  simpler,  more  cleanly, 
and  more  effective  method  of  surface-irrigation.  The  same  principle  controls  all  of  these  methods. 
It  is  this : 

If  water  containing  foreign  substances  is  discharged  on  the  surface  of  the  ground  it  descends 
by  gravity  through  the  soil,  giving  up  to  the  earthy  particles  over  whose  surfaces  it  flows  so  much  of 
its  foreign  burden  as  these  are  capable  of  receiving  and  retaining  The  capacity  of  a  fertile  soil  to 
absorb  organic  matter  held  in  solution  or  in  suspension  in  water  is  very  great,  and  there  is  no  more 
effective  filter  for  impure  waters  than  a  friable,  fertile  soil  with  good  natural  or  artificial  drainage 
Up  to  the  point  of  saturation,  the  particles  of  soil  will  retain  all  of  the  impurities  carried  to  them 
by  the  water,  and  the  water  itself  will,  so  far  as  these  impurities  are  concerned,  descend  as  pure 
water  to  the  lower  soil.  Unless  through  a  coarse  and  almost  pure  sand  or  gravel,  it  can  carry 
neither  organic  matter  nor  living  microscopic  organisms  below  a  slight  depth  from  the  surface 
Beyond  the  point  of  saturation,  this  filter  acts  as  do  all  others  when  overcharged — it  ceases  to  retain 
the  impurities. 

If  the  area  of  land  is  properly  adjusted  to  the  amount  of  sewage,  the  purification  of  the  water 
will  be  ct)m])lete;  but  the  impurity  that  has  left  the  water  remains  in  the  soil,  and  if  not  removed  or 
destroyeil  it  will  in  time  accumulate  to  a  dangerous  degree.  Should  the  filter  be  kept  in  constant  use 
and  be  constantly  saturated,  to  the  exclusion  of  air,  the  impurities  carried  to  it  by  the  water  would 
become  objectionable. 
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The  process  of  soil  purification  is  a  natural  process,  with  whose  effect  we  are  all  familiar.  With 
the  use  of  organic  manures  of  whatever  character  in  the  fertilization  of  land  we  know  that,  however 
offensive  may  have  been  the  manure  used  before  its  incorporation  with  the  earth,  it  afterwards  entirely 
loses  its  ofTeiisive  characteristics.  This  change  does  not,  however,  take  place  with  anything  like  the  same 
completeness  under  constant  saturation.  It  is  a  process  dependent  on  the  free  access  of  atmospheric 
.air,  not,  as  has  been  supposed,  for  the  direct  "  oxidation  "  of  organic  matter,  but  as  a  necessary  condi- 
tion of  the  life  of  those  microscopic  organisms  which  are  the  world's  scavengers,  anid  which  nowhere 
perform  their  work  under  more  favorable  circumstances  than  in  the  upper  layers  of  a  fertile  soil.  If 
these  are  allowed  their  full  activity,  there  is  not  the  least  room  for  doubt  that  the  soil  will  always  be 
maintained  in  a  condition  to  purify  the  sewage  delivered  upon  it  ;  so  that  even  when,  as  during  heavy 
rains,  some  of  the  water  added  by  the  sewage  may  reach  the  water  of  the  subsoil  and  flow  with  it  to 
the  springs  or  creeks,  it  will  be  free  from  organic  matter  and  living  organisms.  It  will,  as  water  de- 
scending through  a  fertile  soil  always  does,  contain  more  or  less  of  the  soluble  salts,  such  as  nitrates, 
and  these  will  go  with  it  to  the  lower  strata  and  to  the  outlet.  Such  salts  are  never  absent  from 
spring-water,  and  they  are  unobjectionable. 

If  the  dose  of  organic  matter  is  not  too  great,  whether  deli\ered  in  water  charged  with  sewage 
flowing  directly  from  house-drains,  or  from  rain-water  descending  through  a  heavy  dressing  of  manure 
spread  on  the  surface,  the  whole  will  be  arrested  and  destroyed  in  the  ground. 

If  the  application  is  sufficiently  intermittent,  the  action  of  the  scavenger  bacteria,  in  the  presence 
of  the  necessary  atmospheric  air,  will  always  be  effective. 

If  the  amount  of  foreign  matter  applied  to  the  ground  and  the  opportunity  for  the  intermittent 
action  of  the  purifying  processes  are  regulated  as  provided  for  in  the  following  recommendations,  the 
result  cannot  fail  to  be  satisfactory.  The  destructive  organisms  are  most  numerous  and  most  active 
near  to  the  surface  of  the  ground.  They  are  rarely  found,  under  natural  conditions,  more  than  from 
ten  to  fifteen  inches  below  the  surface,  and  even  at  a  depth  of  ten  inches  they  are  far  less  numerous 
than  at  a  depth  of  three  or  four  inches.  It  is  probable,  but  it  has  not  been  demonstrated,  that 
if  their  food  (sewage)  is  delivered  at  a  lower  point — still  within  easy  reach  of  atmospheric  action 
— they  will  there  develop  in  sufficient  number.  The  success  of  what  is  known  as  the  £ub  surface- 
irrigation  system  would  indicate  this  to  be  the  case.  That  system  has  been  used,  for  long 
periods  and  on  a  large  scale,  for  the  disposal  of  the  sewage  of  considerable  communities  and  of 
public  institutions  of  considerable  magnitude.  It  is  much  more  largely  used  in  connection  with 
isolated  houses.  In  every  case,,  where  properly  regulated  and  not  overtaxed,  it  secures  a  perfect  dis- 
posal of  organic  wastes.  Were  such  a  system  made  necessary  in  this  case,  either  by  the  restricted  area 
of  the  disposal-ground,  by  its  proximity  to  occupied  buildings,  or  by  any  other  cause  demanding 
hidden  disposal,  I  should  not  hesitate  to  recommend  it. 

These  conditions  do  not  e.xist  in  this  case,  and  everything  points  to  the  greater  desirability  of  sur- 
face-irrigation. In  connection  with  this  latter  there  need  be  no  retention  and  putrefaction  whatever ; 
in  the  use  of  the  sub-surface-irrigation  system  a  certain  amount  of  retention  and  putrefaction  are  un- 
avoidable because  of  the  need  for  withholding  flocculent  matters  from  the  irrigation-pipes,  whose  joints 
they  would  otherwise  obstruct. 

I  recommend  the  adoption  of  the  following  method   of  treatment  : 

Deliver  all  waste  liquids  produced  within  the  establishment,  immediately  on  their  production,  into 
a  flush-tank  having  a  discharging  capacity  of  thirty  thousand  gallons.  Let  the  sewage  flow  into  this 
tank  over  a  horizontal  grating,  which  will  retain  paper,  rags,  and  other  coarse  matiers,  at  a  point 
whence  they  may  be  removed  frequently  and  easily.  Construct  an  automatic  siphon  of  large  capacity, 
which  will  empty  this  tank  rapidly  and  to  its  very  bottom,  the  discharge  taking  place  whenever  the 
contents  of  the  tank  reach  the  overflow  point.  Convey  the  sewage  discharged  by  the  tank  in  the 
various  directions  required  to  reach  the  different  areas  to  which  it  is  to  be  applied  through  open,  sur- 
face trenches  furnished  with  semi-circular,  vitrified  piping— that  is,  with  pipes  of  the  proper  size  split 
lengthwise  so  as  to  constitute  an  open  gutter  with  a  smooth  surface.  These  ditches  may  communi- 
cate with  local  distribution-ditches  at  the  various  areas,  so  arranged  as  to  deliver  the  sewage  evenly 
over  the  grovnd.     In   the  case  of  this  farm  little  artificial  grading  will  be  required. 

The    tank  should    be    smoothly  rendered     over    its  entire   inner  surface   with    pure    Portland    cement 
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of  the  best  quality,  and  the  exterior  surface  of  its  walls  should  be  treated  in  like  manner,  in  order  to 
prevent  the  admission  of  ground-water,  which  might  cause  the  cement  lining  to  be  thrown  off  by  frost. 
To  lessen  the  danger  of  such  absorption  the  bricks  used  should  be  of  the  very  hardest  burned  charac- 
ter, and  the  mortar  should  be  made  with   Portland   cement. 

At  least  once  a  day  the  whole  interior  surface  of  the  tank,  including  its  bottom,  should  be  freely 
slushed  and  cleansed  with  a  hose.  The  coarse  matters  held  by  the  screen  should  be  removed  at  least 
daily,  and   these  should   be    buined,  buried,  or  composted. 

With  such  an  arrangement  of  the  works,  there  would  be  nowhere  an  accumulation  of  waste  mat- 
ters subject  to  putrefaction,  there  would  be  no  material  odor  at  any  point,  and  there  would  be  no 
ground  for  objection  on  the  part  of  the  occupants  of  the  premises,  of  their  neighbors,  or  of  those  re- 
ceiving their  water-supply  from   the   gathering-ground  of    which   the   farm    forms  a  portion. 

This  result  can  certainly  be  secured  if  the  construction  and  maintenance  of  the  work  are  properly 
regulated.     If    either  of    these  is   defective,  the  process  may  become  a  nuisance. 

The  cost  of  such  a  system  of  disposal  should  not  exceed  $4,500.  In  connection  with  this,  how- 
ever, there  should  be  considered  the  cost  of  proper  maintenance.  This  would  imperatively  require 
the  whole  time  and  attention  of  an  intelligent  and  faithful  laborer,  and  for  this  it  would  be  prudent 
to  make  an  allowance  of  $500  per  annum,  or,  if  capitalized,  to  add  $10,000  to  the  cost  of  the 
system. 

I  repeat  that  I  have  no  hesitation  in  recommending  the  adoption  of  this  system  for  disposing  of 
the  sewage  of  the  proposed  asylum.  I  \\ould  not,  however,  leave  the  committee  under  the  impression 
that  the  interests  of  the  institution  and  its  management  would  be  sd  well  secured  by  this  or  any 
other  artificial  method  of  disposal  as  by  tiie  direct  discharge  into  a  body  of  water  adequate  to  re- 
ceive at   all   times  the   full  amount  of  sewage  produced. 

Were  it  a  question  of  adopting  this  site  or  another,  where  a  direct  discharge  could  be  secured, 
I  should,  other  things  being  equal,  recommend  the  simpler  alternative.  Whatever  faith  I  may  have 
in  the  soundness  of  my  recommendations,  however  thoroughly  they  may  be  sustained  by  experience 
elsewhere,  and  however  completely  the  directors  of  the  hospital  may  accept  them,  we  should  not 
disregard  the  prejudices  and  criticisms  of  a  public  which  has  had  no  demonstration  of  the  success  of 
a  process  in  which  our  own  confidence  may  be  unlimited.  Each  community  has  to  be  taught  for 
itself  that  sewage  disposal  may  be  made  safe  and  inoffensive.  In  fact,  some  communities  now  living 
subject  to  the  influence  of  systems  of  irrigation-disposal  have  found  the  process  unsatisfactory  and 
offensive.  It  is  possible  that  the  proposal  to  carr}-  the  foregoing  recommendations  into  execution 
would  be  met  by  the  citation  of  instances  where  what  may  be  regarded  as  the  same  system  has  been 
a  failure.  Indeed,  it  might  be  demonstrated  that,  unless  properly  cared  for,  this  system  itself  would 
be  a  failure. 

It  would  not  be  difficult  to  cite  instances  of  success  to  offset  any  instances  of  failure  that  might 
be  adduced.  The  charge  that,  under  neglect,  the  system  would  be  a  failure  need  not  have  weight,  as 
neglect  of  the  very  simple  requirements  of  cl  anliness,  regularity,  and  alternation  is  not  to  be  anticipated 
in  the  case  of  such  an   institution  as  is  now  in  question. 

That  an  effort  to  prevent  the  carrying  out  of  this  system  by  legal  process  could  succeed  is  hardly 
possible.  It  is  easily  demonstrable  that  neither  by  the  contamination  of  the  air  nor  by  even  the 
theoretical  pollution  of  the  subsoil-water  is  the  least  danger  or  difficult}-  to  be  apprehended.  Difficul- 
ties and  embarrassments  of  this  character  could  not  defeat  the  end  in  view.  They  might,  however, 
cause  some  annoyance  and  possible  expense.  All  questions  of  this  sort  would  be  entirely  set  aside 
were  a  direct  discharge  possible.  I  cannot  determine  the  importance  that  should  be  ascribed  to  this 
consideration  ;  but,  so  far  as  it  has  weight,  it  constitutes  an  objection  to  the  location  of  such  an  institution 
on  a  site  where  sewage  must  be  disposed  of  by  artificial  means. 

If  any  parts  of  the  land  require  under-drainage,  then  special  care  will  be  required  in  refilling  the 
trenches  after  the  laying  of  the  tiles  to  prevent  the  direct  descent  of  the  sewage  from  the  surface  to 
the  under-drains  ;  with  care,  however,  this  end  can    be  secured. 

To  show  how  lightly  the  soil  would  be  taxed  by  the  duty  that  would  be  imposed  upon  it,  even 
supposing  the  full  volume  of  one  hundred  thousand  gallons  of  sewage  to  be  produced,  let  us  assume 
that  the  area  that  may  be  irrigated  is  divided  into  five  tracts  of  ten  acres  each,  and  that  the  whole 
volume  of  sewage  is  delivered  to  each  of   these  during   one  day  out    of  five,  the  sewage  being   discharged 
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in  two  separate  portions,  at  intervals  of  from  eight  to  sixteen  liours.  Tliis  means  that  the  land  will  re- 
ceive on  one  day  out  of  five  two  doses  of  sewage,  with  a  sufficient  interval  of  rest,  which  will  cover  the 
ground  to  the  average  depth  of  less  than  one-fifth  of  one  inch. 


The  provisional  estimate  of  the  cost  of  the  proposed  work  is  as  follows  : 

Flush-tanks,                  .......  $850 

3,000  feet   of    pipe-lined  main  ditch,    at  75   cents,              .             .  2,250 

6,000  feet  of  earthen  leader  ditches,  at  10  cents,              .             .  600 


Total,        .......  $3,700 

Add  for  engineering  contingencies,  ....        750 


Total  cost,  ......  $4,450 

It  is  impossible  nov/  to  estimate  the  cost  of  the  grading  required.  I  think  it  would  amount  to 
very  little,  as  the  land  in  question  has  but  few  irregularities  of  importance. 

At  the  annual  meeting  of  the  British  Medical  Association  in  Glasgow,  August,  1888,  Dr.  Alfred 
Carpenter,  of  Cro}-don,  read  a  paper  on  Sewage-Disposal,  fully  sustaining  all  his  previous  statements  con- 
cerning the  irrigation-fields  at  Norwood  and  at  Beddington,  and    closing  as  follows: 

"  I  earnestly  recommend  sewage-farming  as  applicable  to  all  water-closet  towns,  without  exception, 
and  feel  sure  that  it  will  be  far  more  satisfactory  for  the  kingdom  at  large,  when  it  is  so  utilized, 
than  for  it  to  be  sent  into  the  Thames,  the  Mersey,  or  the  Clyde,  to  the  gradual  destruction  of  our 
waterways,  and  the  removal  from  our  midst  of  that  which  will  give  sinew,  muscle,  bone,  and  marrow 
to  a  people  languishing  for  such  material  ;  and,  in  consequence  of  its  scarcity  at  home  at  this  moment, 
we  have   to    import  the  material   required    for  its  production   from  the   other  side   of   the   globe." 

Dr.  C.  R.  Drysdale  read  a  paper  on  the  sewage-farms  of  Berlin  and  Paris,  including  the  following 
interesting  statistics: 

"The  Berlin  sewage-farms  employed  2,056  persons,  and  were  a  great  success.  The  cities  of  Berlin, 
Dantzic,  and  Breslau,  with  an  aggregate  of  about  2,000,000  inhabitants,  had  had  excellent  sewage-farms 
for  the  last  fifteen  years.  Berlin  had  now  under  sewage-irrigation  16,657  acres  on  the  north,  northeast, 
and  south  of  the  city.  The  lengths  of  the  conduit-pipes  used  to  convey  the  sewage  to  these  farms 
from  the  various  districts  of  Berlin  varied  from  964  metres  to  18,628  metres.  So  perfectly  healthy 
were  the  farms  that  convalescent  homes  had  been  erected  on  them.  The  persons  employed  on  the 
farms  consisted  of  40  officials,  45  gardeners,  smiths,  and  dairymen,  480  male  and  125  female  laborers,  966 
workhouse  hands  continually  employed,  and  360  men,  women,  and  children,  employed  from  April  to 
October. 

"On  March  31,  1886,  the  capital  borrowed  by  the  sewage-irrigation  authorities  of  Berlin  appeared 
to  have  been  ;^3, 21 1,138,  whilst  Sir  R.  Rawlinson  had  said,  at  the  Society  of  Arts,  in  1887,  that  the 
sewage  experiment  at  London  would  cost  ten  millions  sterling,  for  no  purpose  and  no  benefit  to  agri- 
culture. The  Thames  sewage  was  to  be  treated  with  i.-j  grains  of  lime,  i  of  sulphate  of  iron,  and  a 
little  permanganate  of  potash  per  gallon,  whereas  towns  which  had  used  chemicals  had  found  that 
nothing  short  of  one  ton  per  million  of  gallons  was  of  any  use  In  1887  Dr.  Collingridge,  the  medical 
officer  of  the  port  of  London,  said  that  the  condition  of  the  Thames  was  as  bad  as  ever  in  spite  of 
the  chemicals;  and  calculating  the  value  of  London  sewage,  with  a  population  of  about  four  and 
a  quarter  millions,  it  had  been  said  it  should  be  worth  /^  1,000,000  a  year,  and  that  it  might  raise 
fodder  enough    to   feed   200,000  cows  annually,  and  thus  give   milk  to  the    London  children." 
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Dr.  T.  J.  D}'ke,  the  medical  officer  of  health  of  Mertliyr-Tydvil,  read  the  following  paper  concern- 
ing the  much-discussed   disposal  system   in  operation  there  since    1871  : 

"In  1871  the  Local  Board  of  Health  of  Merthyr-Tydvil  entrusted  to  Mr.  J.  Bailey  Denton,  C.E., 
the  employment  of  the  best-known  method  of  disposing  of  the  sewage  from  the  residences  in 
Merthyr,  Dowlais,  etc.  Mr.  Denton  advised  the  adoption  of  the  process  of  Dr.  Edward  Frankland, 
known  as  the  Downward  Intermittent  Filtration  process.  A  site  was  chosen  at  Troedhyrhiew,  three 
miles  below  Merthyr,  on  the  west  bank  of  the  Taff  River.  There  on  a  gravelly  soil  Mr.  Denton 
formed  filtration-areas  on  sections  of  land  by  deep  drainage,  levelling  of  surface,  and  provision  of 
an  efficient  outlet  for  the  effluent  Avater.  Each  area  or  section  was  flooded  with  strained  sewage  for 
six  hours  and  allowed  to  rest,  to  drain,  and  to  be  aerated  for  eighteen  hours  The  work  was  com- 
pleted in  the  spring  of  1871,  and  from  thenceforth  from  i  to  300,000  gallons  of  the  strained  liquid 
has  daily  been  passed  over  and  through  the  soil  of  the  20  acres  of  land  so  prepared.  The  sur- 
veyor, Mr.  Harpur,  and  the  superintendent,  Mr.  Baltram,  concur  in  stating  that  the  work  has 
been  carried  on  without  any  injury  to  health,  that  the  land  continues  to  act  as  perfectly  as  at  the 
commencement  in  clarifying  the  sewage-liquid,  that  the  effluent  water  is  perfectly  clear  and  odor- 
less, that  there  has  been  no  'clogging'  of  the  soil,  no  bogginess  of  the  surface,  and  that  during 
the  years  1886  and  1887  the  work  of  the  farm  has  been  carried  on  at  a  profit.  The  board 
had,  previously  to  the  adoption  of  Mr.  Denton's  plan,  obtained  powers  to  take  land  situated  nine 
miles  from  Merthyr  for  the  disposal  of  sewage  by  wide  irrigation.  In  1872  and  following  years  the 
surveyor  to  the  board  laid  out  262  acres  of  land,  and  adapted  the  surface  for  this  method  of  disposing 
of  the  sewage.  The  land  was  regularly  drained  by  drains  cut  three  feet  deep,  the  sewage  allowed  to 
flow  along  contour  lines  over  the  whole  surface.  The  amount  during  the  last  four  years,  which  w  as 
daily  so  disposed  of,  amounted  to  a  million  and  a  quarter  gallons.  The  quantity  was  the  outcome  of 
the  excess  of  sewage  not  utilized  at  Troedhyrhiew,  and  the  sewage  from  Merthyr  Vale  and  Treharris,  in 
the  valley  of  the  Taff;  from  Aberdare,  Mountain  Ash,  and  Penrhiwceiber,  in  the  valley  of  the  Cyn,  on  the 
west  of  Merthyr.  Both  the  surveyor  and  superintendent  of  the  farms  state  that  this  process  is  carried 
on  without  any  detriment  to  health,  and,  with  regard  to  returns  for  labor  and  material,  that  a  fair 
profit  has  resulted.  The  total  population  of  the  several  towns  and  villages  connected  with  these 
sewage-farms  would  be  not  less  than  100,000.  The  total  estimated  dry-weather  sewage,  1,350,000  gallons 
daily,  was  disposed  of  on  282  acres  of  land,  prepared  by  either  the  filtration  or  the  irrigation  method. 
The  crops  grown  on  the  lands  were  ordinary  grass,  Italian  rye  grass,  potatoes,  cabbages,  mangolds, 
swedes,  etc.     These  vegetable  growths  were  perfectly  healthy  and   sound." 

The  Royal  Commissioners  on   the   Metropolitan  Sewage-Discharge  say:* 

"Besides  the  purification  of  the  river  by  oxidation,  there  is  evidence  of  its  purification  by  means  of 
its  animal  and  vegetable  life.  Animals  of  low  type,  notably  cntoniostraca  (such  as  water-fleas),  feed  on 
the  solid  elements  of  sewage.  These  animals  themselves  excrete  solid  matters,  but,  of  course,  in  a 
diminished  amount ;  the  balance  is  decidedly  in  favor  of  purification  Minute  algae  and  other  plants 
of  low  organization  vegetate  in  the  polluted  reaches,  and  b)  giving  off  oxygen  they  tend  to  promote 
the  purification  of  the  water." 

The  Committee  of  the  British  Association  investigating  the  subject  of  sewage-disposal  say  in  their 
report : 

"(i)  Oxidation  goes  on  in  winter  as  well  as  in  summer,  and  almost  all  nitrogen  lost  is  lost  in  an 
oxidized  and  inoffensive  form  ;  and  (2)  this  loss  is  very  slightly  greater  in  winter  with  a  very  ;-trong 
sewage  than  in  summer  with  a  weaker  one,  so  that  sewaging  in  the  winter  would  appear  to  entail 
no  extra  loss  of  manure. 

"  It  was  also  observed  that  while  in  summer  sewage  is  cooled  by  percolation  through  the  soil, 
and  almost  always  heated  (sometimes  considerably  so)  by  surface-flow,  as  was  observed  both  at  Tun- 
bridge  Wells  and    at    Earlswood    (the    temperature   of    the  effluent  water  in  the   latter  case  being  actu- 

*  First  Report,  page  62. 
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ally  five  degrees  higher  than  that  of  the  sewage) ;  in  winter,  on  the  other  hand,  the  cooling  which  takes 
place  is  less  with  percolation  through  the  soil  than  with  surface-flow  in  both  instances  ;  so  that  '  these 
results  are  favorable  to  percolation  through  the  soil  as  opposed  to  mere  surface-flow,  both  in  summer 
and  winter.  Percolation  causes  a  considerable  cooling  in  summer,  while  in  winter  it  does  not  cool  the 
effluent  water  so  much  as   surface-flow  does.'  " 

Professor  W.  H,  Corfteld,  President  of  the  Society  of  Medical  Of5cers  of  Health,  at  the  meeting  of  October  19,  1SS8,  read  a 
paper  on  the  "  History  of  the  Sewage-Disposal  Question."  The  Lancet  made  a  summary  of  the  paper,  from  which  the  following 
is   taken  : 

"The  inquiries  of  the  Health  of  Town  Commissioners  in  1844  and  1845  confirmed  the  conclusions  arrived  at  by  Mr.  Chad- 
wick,  which  were  amplified  in  the  report  of  the  General  Board  of  Health  in  1851,  on  the  practical  application  of  sewage-water  and 
town  manures  to  agricultural  production.  The  Royal  Commission  of  the  Sewage  of  Towns  (1858-61)  made  a  series  of  cnreful  in- 
vestigations into  the  various  methods  of  sewage-disposal,  and  came  to  the  conclusion  that  'the  right  way  to  dispose  of  town  sew- 
age is  to  appl)'  it  continuous!)'  to  land,  and  it  is  only  by  sucli  application  that  the  pollution  of  rivers  can  be  avoided.'  The  same 
result  was  arrived  at  Ky  the  Select  Committee  on  the  Sewage  of  Towns  in  1862,  who  added  that  '  solid  manure  cannot  be  manu- 
factured from  town  sewage  with  commercially  profitable  results.'  The  Royal  Commission  on  the  Pollution  of  Rivers,  appointed  in 
1868,  issued  six  important  reports  after  a  series  of  most  elaborate  iiivestigaiions,  and  came  to  ihe  conclusion  that  sewage  can  only 
be  effectually  purified  by  passing  it  through  the  soil.  .  .  .  The  Biimingham  Sewage  Inquiry  Committee,  after  examining  the  va- 
rious systems  in  use  at  different  places,  arrived  at  the  conclusion  that  '  ihe  best  method  of  dealing  with  the  sewage  of  the  bor 
ough  is  that  of  intermittent  downward  filtration  en  the  smallest  area  of  land  at  the  greatest  convenient  distance  from  the  outfall, 
so  as  to  command  as  large  an  area  as  possible  for  the  ultimate  utilization  by  farmers.'  In  iS6g  the  British  Association  appointed 
a  committee  to  inquire  into  the  subject ;  the  labors  of  this  committee  extended  over  eight  years,  and  thej-  issued  as  many  re- 
ports. They  devised  a  more  accurate  method  of  taking  samples  of  sewage  than  had  before  been  practised,  and  also  made  a 
series  of  most  irnport.mt  quantitative  experiments  by  which  tliey  determined  the  percentage  of  the  manurial  ingredients  of  the 
sewage  actually  recovered  in  the  crops  on  the  sewnge  farm.  The  results  of  all  these  investigations  not  only  caused  irrigation 
on  the  land  for  the  purifiLation  of  sesvage  to  be  widely  adopted  in  this  country,  but  also  induced  some  other  countries,  and 
notably  Germany,  to  adopt  the  same  plan.  Owing  to  the  serious  nuisance  caused  by  the  pollution  of  the  Thames  by  the 
sewage  of  London,  the  Royal  Commission  on  Metropolitan  Sewage-Discharge  was  appointed,  and  issued  two  important  reports 
in  1884.  They  came  to  the  conclusion  that  the  sewage  of  the  metropolis  must  not  be  discharged  in  its  crude  state  into  any 
part  of  the  Thames,  that  the  solid  matters  should  be  precipitated  and  the  liquid  portion  be  allowed  to  escape  into  the  river 
as  a  preliminary  and  temporary  measure,  but  that  ultimately  the  liquid  must  be  purified  by  application  to  land.  The  Metropoli- 
tan Board  of  Works,  instead  of  setting  to  work  to  see  how  the  recommendations  of  the  Royal  Commissioners  could  be  carried 
out,  'felt  themselves  unable  to  concur  in  tlie  conclusions  at  which  the  commissioners  had  arrived,' and  have  not  only  continued 
their  plan  of  attempting  to  deodorize  the  sewage  while  discharging  it  into  the  river  as  before,  but  have  apparently,  in  spile  not 
only  of  the  reports  of  the  Royal  Commission,  but  of  all  the  commissions  and  committees  which  have  investigated  the  subject,  de- 
termined to  adopt  chemical  precipitation  as  a  permanent  measure,  for  they  are  building  huge  l:inks  for  the  purpose,  and  have 
actually  embarked  on  a  scheme  for  carrying  the  precipitated  matters  out  to  sea  in  barges.  They  have  also  secured  the  services 
of  Sir  John  Roscoe  to  advise  tliem  as  to  the  methods  of  deodorizalion.  but  that  eminent  chemist,  in  reporting  on  the  resulis  of 
his  investigations,  has  given  them  the  following  significant  warning:  'I  offer  no  opinion  as  to  the  processes  of  [  recipitation  by 
chemical  treatment,  as  this  question  was  not  submitted  to  me  by  the  board.  Looking,  however,  at  the  broad  question  of  the 
permanent  disposal  of  the  metropolitan  sewage,  and  believing  that  the  use  of  deodorants  ought  to  be  regarded  only  as  a 
temporary  expedient,  I  feel  convinced  that  sooner  or  later  the  recommendations  of  Lord  Bramwell's  commission  will  have  to 
be  adopted,  and  that  tlie  sewage,  whether  previously  clarified  or  not,  must  either  be  filtered  through  land  or  discharged  into  the 
estuary  at  a  point  not  higher  than  Sea  Reach.  .  .  .'  Can  anything  be  more  conclusive  or  more  condemnatory  of  the  action  of 
the  Metropolitan  Board  of  Works?  A  royal  commission  is  appointed  especially  to  investigate  the  matter;  the  board,  whose 
duty  it  is  to  provide  for  the  disposal  of  the  sewage  of  London  in  the  best  possible  manner,  calmly  ignores  the  conclusions 
arrived  at  by  that  commission,  and  pursues  a  course  condemned  by  it;  while  their  chosen  adviser  informs  them  that  sooner 
or  later  the  recommendations  of  the  commission  will  have  to  be  carried  out.  I  protest,  in  the  name  of  the  Society  of  Medical 
Officers  of  Health  of  the  countrj',  against  such  a  state  of  things,  and  against  the  further  carrying  out  of  a  scheme  which, 
while  being  enormously  costly,  will  not  only  not  settle  the  question,  hut  will  rather  increase  the  difficulties  of  setiling  il  effectu- 
ally, and   will    be   pointed   out   by   succeeding  generations   as   a   disgrace    to   the   sanitary   work   of   the   nineteenth   century." 


CHAPTER  XXVII. 

HOUSE-DRAINAGE. 

IT  is  a  cardinal  principle,  recognized  by  all  sanitarians,  that  "  the  house  is  the  unit  of  sanitary  ad- 
ministration." It  is  quite  as  much  so  with  reference  to  drainage  as  to  any  other  branch  of  sanitary 
work.  It  is  here  that  most  of  our  woe  begins.  The  result  of  our  drainage  improvement,  all  the  way 
to  the  outlet  in  the  river,  in  the  sea,  in  the  vat,  or  on  the  farm,  is  more  or  less  complete  according  as 
our  first  step  has  been  well  or  ill  taken. 

Some  years  ago  Professor  Kerr  said,  in  a  lecture  before  the  Society  of  Engineers  on  "  Foul  Air 
in  London  Houses":  "The  popular  idea  of  drainage  is  very  simple:  you  empty  the  slops  into  the 
sink,  and  they  go — the  devil  knows  where."  Popular  ideas  on  the  subject  have  advanced  farther 
in  this  country.  The  general  public  here  seems  to  have  formulated  its  convictions  somewhat  as 
follows  : 

1.  A  house  on  high  ground  with  a  good  fall  away  from  it  ought  to  be  all  right  as  to  its  drainage; 
but— 

2.  No   house-drainage  is  really  good  which   has  not  the  approval  of  the    family  plumber. 

3.  There  ought  to  be   an   open   pipe  on   the  roof  of    the   house,   or  a    connection    with   the  chimney. 

4.  Unlimited    expenditure  on  the   plumbing-works   insures  the  safety  of   the  house 

5.  The  public  sewer  is  the  root  of  all  evil,  and,  whatever  else  is  neglected,  the  clean  and  innocent 
drains  of    the    house   must    be  securely  trapped    off    from    it — or   "  disconnected." 

6.  The  master-key  of  safety  in  the  drainage  of  a  city  house  lies  in  the  ventilation  of  the  public 
sewer— about   which   we  have  much    theory  and   little    practice. 

This  advance  in  the  popular  idea  is  not  very  great.  It  still  remains  true  as  a  general  rule  that 
"the  devil  knows"  a  good  deal  more  ihan  the  people  do  what  becomes  of  the  wastes  of  a  house  and 
of  the  products  of  their  decomposition.  Indeed,  it  seems  at  times  doubtful  whether  the  people  or  the 
devil   have   the   upper  hand  in   the  question. 

It  is  a  simple  and  easy  matter  so  to  construct  and  regulate  a  system  of  sewerage  and  works  for 
sewage  disposal  that  no  time  shall  be  afforded  for  putrefaction  to  begin  during  the  transportation  of 
refuse  after  its  introduction  to  the  public  sewer.  If,  Iiowever,  putrefaction  has  been  allowed  to  begin 
before  such  introduction,  it  may  go  on  during  the  journe)'  to  the  outlet.  A  putrid  condition  of  mat- 
ters introduced  from  houses,  even  from  a  few  houses,  may  communicate  itself  to  the  mass,  lessening 
the  completeness   of  our  work  and    increasing    the  difficulty   of   disposal. 

Putrefaction  begets  putrefaction,  and,  however  well  our  works  may  be  arranged  to  carry  fresh 
wastes  in  a  fresh  condition  beyond  the  confines  of  the  town,  if  we  allow  them  at  the  outset  to  be 
mixed  with  matters  already  in  active  decomposition  the  process  will  be  communicated  in  greater  or 
less   degree  to  the  whole   mass. 

The  whole  question   of  drainage  should   be    treated   as    a    question    of  public   health. 

Public  control  should  begin  in  the  dzvclling.  This  doctrine  may  seem  to  violate  the  good  old  prin- 
ciple that  every  man's  house  is  his  castle,  and  the  comfortable  notion  that  every  man  should  be 
allowed    to   do   as   he   likes  with    his    own.      This    latter    maxim   is   dear   to    us    all,    and    especially   so 
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to  him  who  is  sparing  no  expense  to  have  everything  connected  with  the  construction,  and  especially 
with  the  plumbing-work,  of  his  house  carried  out  in  what  he  conceives  to  be  the  very  best 
manner. 

There  are,  however,  two  principles  which,  sooner  or  later,  we  must  all  come  to  recognize,  and 
which  should  lie  at  the  very  foundation  of  all  intelligent  effort  for  the  improvement  of  the  public 
health.  One  is  that  in  a  civilized  community  no  man  has  a  right  to  use  his  castle  as  a  battery  from 
which  to  bombard  his  neighbors,  and  the  other  is  that  none  should  be  permitted  to  do  with  his  own 
what  will  harm  others. 

One  can  hardly  follow  these  suggestions  to  their  legitimate  conclusion  without  the  danger  of  sensa- 
tional writing.  The  magnitude  and  wide  reach  of  the  subject  are  such  that  it  should  not,  however, 
pass  without  careful  notice.  If  we  take  the  whole  country  (the  United  States)  at  large,  we  find  that 
there  are  not  far  from  one  and  a  half  million  deaths  annually.  Certainly  it  would  be  moderate  to  say 
that  not  fewer  than  one-fifth  of  these  deaths  are  due  to  diseases  now  known  to  be  entirely  preven- 
tible  by  one  or  other  of  the  accepted  processes  of  sanitar}'  improvement  or  eradication  ;  that  is,  about 
one  thousand  persons  per  day  die  before  they  ought  to  die.  Under  rigorous  and  wise  control  these 
deaths  might  be  prevented.  It  will  hardly  be  disputed  that  one-half  of  such  deaths  are  due  to  diseases 
which  are  fostered  and  are  often  made  epidemic  by  reason  of  defective  drainage.  These  are  the  so- 
called  "filth  diseases"  and  the  diseases  due  to  excessive  soil-moisture. 

It  is  hardly  worth  while  to  go  into  the  arithmetical  amplification  of  this  subject,  which  shows  the 
vast  number  of  sick  and  suffering  who  at  last  escape  death,  the  cost  of  funerals,  the  cost  of  medical 
attendance  and  nursing,  and,  above  all,  the  enormous  cost  of  the  loss  of  useful  service  on  the  part  of 
the  sick  and  their  attendants. 

Occasion  was  taken  some  years  ago,  in  discussing  the  question  of  sewerage  in  a  New  England  town 
whose  authorities  were  by  no  means  alive  to  the  vital  importance  of  the  subject,  to  state  the  case  in 
a  manner  which  certainly  might  be  called  sensational,  but  which  was  none  the  less  effective  because 
sensational. 

The  town  had,  we  will  say,  a  population  of  five  thousand.  Its  annual  deaths  were  over  one  hun- 
dred. Of  these  twelve  were  certainly  due  to  filth-diseases  occurring  among  children.  These  deaths, 
of  course,  were  not  the  result  of  the  conscious  act  of  the  public  authorities,  but  they  might  all  have 
been  prevented  had  the  public  authorities  been  cognizant  of  their  rights,  powers,  and  duties  as  guar- 
dians of  the  public  health.  The  suggestion  was  made  that  if  on  the  first  day  of  each  month  a  child, 
drafted  by  lot  from  among  all  the  children  of  the  town,  rich  and  poor,  were  produced  solemnly  in  front 
of  the  town-hall  and  there  put  10  a  painful  death,  the  communit}'  would  immediately  take  measures 
to  prevent  the  outrage.  The  same  communit)-,  )-ear  after  year  and  generation  after  generation,  and 
all  other  communities,  north  and  south,  east  and  west,  are  submitting  to  the  destruction  of  human  life 
by  agencies  whose  action  they  might  avert,  and  are  consoling  themselves  by  a  confused  notion  that 
such  killing  is  the  act  of  an  Inscrutable  Providence,  and  especialh'  with  the  thought  that  their  own 
towns  have  no  higher  death-rate  than  other  towns. 

Those  who  govern  us,  and  who  are,  without  knowing  it,  responsible  for  all  of  our  preventible 
deaths,  are  not  to  be  seriously  influenced  by  any  amount  of  oral  or  \\-ritten  demonstration  Little  by 
little,  as  knowledge  advances  and  as  their  more  enlightened  successors  take  their  places  in  the  manage 
ment  of  the  world's  affairs,  things  will  grow  better.  They  have  grown  enormously  better  during  the 
past  centur\-,  and  the  imjirovement,  if  slow,  is  constant,  decade  by  decade.  The  work  gets  on  in  a 
slow  and  toiling  wa)',  as  a  result  of  growing  intelligence,  stimulated  largeh'  and  constantl\-  b\-  the  effect 
of  priwite  grief.  Now  and  then  the  world  is  assailed  with  an  epidemic  of  cholera  or  j-ellow  fever,  carrj- 
ing  off  perhaps  no  more  victims  in  a  }-ear  than  defective  sanitar)-  conditions  constantly  carry  off  in  a 
week,    but   the   blow    is    concentrated,   the    effect    strikes    the    popular    imagination  with  dramatic  force, 
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and  the  assault  often  becomes  a  blessing  in  disguise.  Agencies  are  brought  into  action  which  ordinary 
suffering  and  death  have  been  powerless  to  arouse,  and  not  only  the  afflicted  conimunit}-  but  others 
within    reach  of   its  example  are  made  healthier  and  better  for  ever  after. 

There  is  no  limit  to  the  possible  extension  of  the  argument  here  applied.  Any  exact  statement 
of  it  should  be  enough  to  convince  all  reasonable  men  that  "in  time  of  peace"  the  first  duty  of  legis- 
latures, of  councils,  and  of  town  meetings  is  to  take  such  steps  as  are  necessary  to  save  the  needless 
and   almost   wanton    sacrifice  of    human    life. 

One  thing  to  be  done  by  all  local  authorities  is  to  see  to  it  that  every  man's  house  is  so  regu- 
lated not  only  that  it  will  exert  no  direct  injurious  influence  over  his  neighbor,  but  that  it  is  not  likely 
to  become  in  itself  the  nucleus  cf  an  epidemic  which  is  to  spread  through  the  community.  It  is  to 
be  understood  at  the  same  time  that  such  control  and  its  result  on  the  individual  is  no  slight  mat- 
ter. It  is  to  be  undertaken  seriously  and  accepted  seriously.  Most  of  the  houses  in  which  people 
live  have  about  them,  in  one  way  or  another,  glaring  and  easily  recognized  defects  which  viny  at  any 
time  lead  to  the  establishment  of  infectious  disease  and  to  deaths  from  such  disease  in  individual 
houses  and  throughout  the  communit)'.  These  defects  cannot  be  cured  by  resolution  of  councils,  nor 
can  they  be  abated  by  mere  willingness  and  friendly  feeling.  Their  abatement  must  be  ordered  b}'  an 
inflexible  mandate  carried  out  thoroughly  and  often  expensively.  Theoretically,  all  such  defects  in 
all  houses  should  at  once  be  remedied.  Practically,  as  the  world  is  constituted,  no  such  result  is  pos- 
sible. 

What  is  easily  possible,  and  what  is  being  in  good  degree  carried  out  in  some  of  the  larger 
towns,  is  the  enforcement  of  regulations  as  to  the  manner  and  methods  of  the  construction  of 
new  work  which  has  to  do  with  the  sanitary  arrangements  of  buildings  erecting  or  undergoing 
repairs.  If  this  means  of  improvement  is  developed  generally  it  will  be  a  question  only  of  time, 
and  not  of  very  long  time,  when  the  old  order  of  things  will  die  out  and  the  new  order  shall  become 
universal. 

The  general  application  of  such  regulations  as  are  here  referred  to  was  begun  quite  as  early  as 
technical  knowledge  warranted.  It  is  not  many  years  since  the  objection  might  reasonably  have  been 
laised  that  too  little  was  known  about  the  sanitary  drainage  of  buildings  to  justify  public  authorities 
ill  prescribing  definite  processes.  That  time  has  passed.  Ignorant  though  we  still  are  and  much 
though  we  must  still  learn,  we  do  know  a  few  radical  things  to  a  certainty.  One  of  these  is  that 
under  no  circumstances  should  organic  waste  matter  of  any  kind  be  allowed  to  remain  in  or  near  the 
house  where  it  is  produced  long  enough  to  enter  into  even  incipient  decomposition.  Once  wasted, 
away  with  it. 

Another  is  that  it  is  possible,  and  not  difficult,  so  to  regulate  all  the  mechanical  and  architectural 
accompaniments  of  our  living  that  waste  organic  matters  can  be  got  rid  of  safely  and  completely. 
What  \\e  have  yet  to  learn  relates  more  to  ways  and  means  than  to  principles.  It  ma\',  in  fact,  be 
said  that  there  is  only  one  principle  to  be  considered  - ///(•  principle  of  iiiiiiicdiatc  removal.  Such  re- 
moval is  sure  to  obviate  all  sources  of  filth.  The  sources  of  filth  being  obviated,  filth-diseases 
cannot  originate  on  the  premises,  nor,  if  brought  to  the  premises  by  accidental  contagion,  will  this 
contagion   find   there  the  nidus  in   which  to  grow  and  multiply  for  its  mischievous  work. 

Taking  a  comprehensive  view  of  the  need  of  the  whole  community  for  such  appliances  and  public 
improvements  as  will  remove  all  of  its  filth  beyond  its  borders,  we  see  that,  while  the  sewer  is  one  of 
the  most  important  elements  of  such  work,  still  the  source  from  which  nearly  all  sewage  springs  is 
in  private  dwellings;  and  the  community  has  a  right  to  insist  that  its  sewage  be  not  fouled  by  putre- 
faction  and    infection   at   its  source. 

Fortunate])-,  the  commnnit)'  now  concedes  the  right  of  the  local  authoiity  to  conticil  the  plumb- 
ing-work of  houses,  and  to  make  "  Regulations  "  such   as  are  set   forth   in   Chapter  XXIV. 
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THE   SITE. 

The  enn-ineer  has  ordinarily  little  or  no  control  over  the  location  of  the  house  and  the  natural 
character  of  the  ground  on  which  it  is  built.  Even  the  architect  has  less  influence  in  these  matters 
than  he  might  often  exercise  with  advantage.  The  owner  in  selecting  his  site  has,  as  a  rule,  but  slight 
regard  to  its  relation  to  drainage.  He  buys  his  lot  because  it  is  cheap  or  a  good  investment,  because 
it  pleases  his  fancy,  or  because  he  has  no  alternative.  He  would  rarely  select  a  palpably  unhealthy  site, 
but  such  defects  as  are  not  palpable  to  his  untrained  senses  would   rarely  affect  his  choice. 

The  ground  havine  been  secured  and  the  precise  site  of  the  house  fixed,  the  details  of  the  methods 
of  drainage  to  be  adopted  must   be  made  to  conform  to  the  requirements  of  the  case. 

Two  quite  distinct  kinds  of  drainage  are   to   be  considered. 

First,  that  which  relates  to  the  removal  of  water  of  saturation  from,  the  soil  and  subsoil  and  to  the 
disposal  of  surface-flow. 

Second,  that  which  relates  to  the  removal  of  the  foul  drainage  of  the  house  or  of  water  which, 
having  served  its  uses,  has  become  the  vehicle  of  such  organic  matter  as  may  become,  unless  properly 
treated,  a  source  of  annoyance  and  of  danger.  This  question  is  to  be  considered  always  with  especial 
reference  to  the  means  existing  or  attainable  for  removing  the  foul  outflow  by  suitable  means  to  a 
safe  point  of  disposal. 

In  towns  where  sewers  are  available  the  method  to  be  adopted  suggests  itself,  and  the  means  for 
carrying  it  out  are  usually  simple  and  inexpensive.  In  the  case  of  houses  not  so  fortunately  situated 
this  part  of  the  proposition  becomes  a  very  serious  one,  and  unless  there  is  a  reasonable  amount  of 
land  connected  with  the  house  a  safe  way  out  of  the  difficulty  is  sometimes  well-nigh  impossible  to 
secure. 

The  relative  importance  of  the  two  elements  of  drainage  indicated  above  is  generally  widely  differ- 
ent ;  that  is  to  say,  the  disposal  of  surface-wash  and  the  withdrawal  of  the  water  of  saturation  from 
the  soil  are,  in  most  cases,  easily  secured  by  means  which  suggest  themselves,  and  the  cases  where  an 
artificial  treatment  of  this  part  of  the  work  is  necessary  are  so  conspicuous  that  much  the  greatest 
importance  attaches,  as  a  matter  of  course,  to  the  removal  of  foul  wastes.  It  is  not,  however,  to  be  in- 
ferred that  cases  are  by  any  means  rare  where  it  is  of  extreme  consequence,  on  sanitary  grounds,  to 
make  radical  changes  in  the  existing  conditions,  especially  as  to  soil-moisture  ;  and  at  times  this  can 
be  done  only  by  extensive  and  costly  work. 

It    is    true   that    the   prevailing   zymotic   diseases    are    known    to   have  their    origin    in,   or  to    be   fos- 
tered  by,  filthy  conditions  ;  that   is,  by  the  leakage   of  the   foul   drains,  by    the    defective  arrangement   of 
plumbing-work,   by  decomposition    in    cesspools,  etc.,   etc.      So   far    as    these    diseases    are    concerned,   im 
munit\-   from    them   is   to   be  sought   by  means  of  which  the   proper  removal   or   disposal  of  foul  matters 
constitutes  tlie  most  important  element. 

Consumption,  which  is  the  most  enfeebling  and  the  most  fatal  of  all  the  diseases  of  Christendom  ; 
and  fever-and-ague,  which,  though  rarely  fatal,  does  more  perhaps  than  all  other  diseases  combined 
(consumption  excepted)  to  reduce  vitalitj-  and  usefulness,  to  create  discomfort,  and  to  lessen  a  man's 
value  to  himself  and  to  the  community  — these,  with  rheumatism  and  malarial  neuralgia,  are,  where  they 
exist  at  all,  distinctly  fostered  by  conditions  attending  the  non-drainage  or  the  insufficient  drainage  of 
the  soil,  especially  under  and  immediately  about  habitations.  That  a  wet  cellar  causes  consumption  can 
no  longer  be  supposed,  in  view  of  the  distinct  evidence  of  the  influence  of  the  bacilliis-tnherculosis ; 
it  is,  however,  much  more  than  probable  that  to  live  in  a  house  with  wet  foundations  and  a  wet 
cellar  leads  to  a  reduction  of  \'itality  and  renders  the  s}-stem  susceptible  to  the  attack  of  this  almost 
universal  germ.     That   efficient  local  drainage   of   cellars  and    foundations   and    of   the  ground  immediately 
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about  the  house  has  a  marked  beneficial  effect  in  the  matter  of  fever-and-ague  is  well  known,  and 
ample  proof  that  the  universal  soil-drainage  of  large  districts  is  often  an  effective  means  for  the  com- 
plete eradication  of  this  disease  would  seem  to  emphasize  the  importance  of  very  thorough  work  in 
this  direction. 


CELLAR   DRAINAGE. 

I  should  deem  it  of  less  importance  to  enter  into  the  discussion  of  so  simple  a  subject  were  it 
not  for  a  somewhat  unusual  recent  experience.  Having  been  employed  to  supervise  and  carry  out  the 
drainage  of  a  country-seat  in  course  of  construction,  the  ground  on  which  the  house  was  to  be  built 
being  a  heavy  and  very  springy  clay,  I  proceeded,  as  a  matter  of  necessity,  to  establish  a  thorough 
system  of  under-drains  near  the  foot  of  the  foundation  and  under  the  cellar.  The  architect  protested 
against  this  work,  refused  to  allow  the  necessary  openings  to  be  made  under  the  footings  of  the 
cross  walls  or  even  at  the  point  or  outlet,  where  the  main  drain  was  to  pass  under  the  foundation 
of  the  house.  I  found,  on  discussing  the  matter  with  him,  that  it  was  the  custom  of  his  office  and, 
to  a  very  much  larger  degree  than  I  had  supposed  of  his  profession,  to  depend  on  a  tile-drain  with 
stone  covering,  outside  of  the  foundation  and  a  little  lower  than  its  foot,  as  a  sufficient  means  of 
drainage. 

The  chief  argument  of  the  architect — the  only  argument  that  was  effective  with  his  principal — 
was  the  idea  that  if  a  current  of  water  were  established  through  a  channel  of  any  k'nd  under  or  near 
the  foundation  of  the  house  and  under  its  cross-walls,  the  effect  of  the  current  passing  through  the 
channel  would  be  to  wash  away  the  ground  and  undermine  the  whole  structure,  which,  by  the  way, 
would  be  as  likely  to  occur  with  the  drain  outside  of  the  wall,  where  it  was  finally  placed.  In  short,  he 
saw  no  practical  difference  between  this  firm  and  retentive  water-logged  clay  and  a  quicksand — which 
alone  of    all   soils   would    have  made  the  operation  in  any  respect   dangerous  to   the   building. 

Where  quicksand  exists  no  house  ought  to  stand.  Fortunately,  it  is  well  within  our  power,  by 
one  means  or  another,  to  remove  from  the  sand  the  water  which  makes  it  quick  and  thus  to  secure  a 
stable  foundation  for  building.  Where  the  soil  is  of  any  other  character,  tliere  is  no  reason  why  we 
may  not  safely,  as  we  certainly  may,  with  great  advantage  adopt  the  most  thorough  system  of  under- 
drainage,  and  no  house  should,  under  any  circumstances  or  at  any  time,  have  its  feet  standing  in  a 
soil  saturated  with  stagnant  *  water. 

It  often  happens  that  the  difficulty  of  securing  a  low  outlet  makes  it  imperative  to  limit  the  depth 
of  our  drainage,  but,  wherever  a  sufficient  outlet  can  be  obtained  without  inordinate  cost,  it  would 
seem  the   wisest     course    to     reduce  the    level  of  the    soil-water  fully  two  feet  below    the  level    of   the 

*  I  specify  stagnant  water  because  of  some  apparently  anomalous  c.ises  which  seem  to  indicate  that,  under  certain  circum- 
stances, moving  water  does  not  produce  the  same  objectionable  results.  I  have  in  mind  the  country  house  of  a  friend  in 
England,  built  in  the  last  century,  with  limestone  foundation  and  walls,  the  walls  being  set  diiectly  upon  a  tirni,  coarpe 
gravel,  with  iheir  footings  only  a  fiw  inches  below  the  surface.  The  house  stands  near  the  foot  of  a  gradual  slope  which 
continues  to  the  banks  of  a  rapid,  permanent  brook.  The  water  is  literally  not  12  inches  below  the  surface  of  the  ground, 
and  it  flows  in  a  strong  current  toward  the  brook.  It  would  seem  that  such  conditions,  especially  in  a  damp  climate  like 
that  of  the  south  of  England,  would  be  particularly  bad;  yet  this  is  one  of  the  diycst  houses  at  all  seasons  that  I  have  ever 
known,  and  has  always  been  entirely  free  from  malaria,  consumption,  and  all  of  the  difficulties  which  we  are  accustomed  to 
ascribe  to  a   residence  on  a   wet   soil. 

There  arc  towns  in  this  country  which  are  underlaid  at  a  distance  of  a  few  feet  from  the  surface  with  strata  of  coarse 
gravel,  bearing  copious  streams  of  water  I  have  never  been  able  to  see  that  they  were  especially  affected  by  such  diseases  as 
are  ascribed  to  soil-moisture.  However,  this  is  a  matter  of  curiosity  rather  than  of  practical  interest,  for,  althouuli  under  these 
exceptional  conditions  water  in  the  soil  may  possibly  do  no  harm,  it  certainly  can  do  no  good,  and  we  shall  be  wise  if  we 
place  ourselves  on    the   safe  side  and  treat  it  as  we   should    stagnant    water. 
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cellar  floor.  This  will  give  us  a  foot  or  more  of  drained  earth  below  the  footings  of  the  foundation 
and    materially  lessen   the  absorption  of    moisture   by  the  walls. 

However  well  the  subsoil  may  be  drained,  there  will  be  a  certain  amount  of  rising  moisture  due 
to  absorption,  first  through  the  drained  ground  and  then  through  tlie  material  of  the  foundation. 
In  view  of  the  importance  of  the  greatest  attainable  dryness,  it  is  advisable  even  in  such  cases,  if  the 
walls  are  of  brick  or  soft  stone,  to  lay  an  impermeable  course,  as  of  asphalt  or  lead,  in  the  foundation, 
and  to  coat  its  outer  face  thorough!)-  with  asphalt.  Such  treatment  is,  of  course,  not  necessary  in  dr}', 
gravelly,  and  sandy  soils,  only  in  such   soils  as  have  a    tendency  to  convey  moisture  bj'  absorption. 

If  quicksand  is  met  in  excavating  for  a  cellar,  the  indication  is  unmistakable  that,  either  in  a 
narrow  seam  in  impervious  soil  or  else  in  a  pocket  of  considerable  depth,  an  unstable  soil  is  filled  with 
water  with  a  greater  or  less  amount  of  head  or  pressure.  If  it  be  only  a  thin  seam  which  is  passed  en- 
tirely through  by  the  excavation,  its  drain-age  becomes  an  easy  matter.  But  if  it  be  a  deep  pocket  of 
quicksand,  ordinary  methods  of  drainage  at  the  ordinary  levels  will  not  be  effective,  and  will  indeed  be 
likely  to  do  harm  by  undermining  the  ground.  In  such  cases  the  source  of  the  difficulty  is  to  be 
sought  at  a  distance.  The  trouble  is  not  in  the  sand,  but  in  the  water  which  makes  the  sand  quick. 
This  should  be,  as  far  as  possible,  cut  off  at  its  origin  or  at  least  at  a  point  some  distance  away  from 
the  house.  Cases  of  this  sort  cannot  be  covered  by  general  directions;  each  has  its  own  peculiarities, 
and  the  difficulty  is  to  be  overcome  by  special  means  suited  to  those  peculiarities.  Here  more  than 
anywhere  else  the  services  of  a  professional  expert  are  necessary,  and  even  the  professional  expert 
may  be  at    fault   in   his  first   effort. 

In  other  cases  than  the  appearance  of  quicksand  the  difificulties  that  are  to  be  remedied  by  drain- 
age are  of  two  sorts:  first,  where  a  porous  soil  or  stratum  is  underlaid  by  impervious  earth,  the  inclina- 
tion being  such  as  to  lead  the  underground  stratum  (or  seepage)  toward  the  house  ;  second,  where 
the  whole   soil,   whether  heavy  or   light,   is  saturated   at    all  times  or  after  rains. 

The  first  of  these  conditions  calls  for  a  proper  and  safe  removal  of  the  water  borne  by  the  porous 
seam  either  at  tlic  excavation  or  by  the  construction  of  an  independent  header-drain  at  some  dis- 
tance. In  either  case,  the  stratum  is  to  be  bled  and  its  water  led  off  without  being  allowed  to  force 
its  way   under  the   foundation. 

In  the  second  case,  it  is  merely  a  question  of  reducing  the  level  of  the  subsoil  water,  which  can 
best  be  done  by  the  use  of  ordinary  agricultural  drain-tiles  having  their  joints  wrapped  with  muslin 
to  hold  them  in  line  and  to  exclude  silt,  and  being  laid  in  trenches,  if  possible,  2  feet  below  the 
level  of  the  cellar  floor.  One  line  should  be  carried  round  near  the  foot  of  the  foundation  wall,  say 
2  feet  distant  therefrom,  and  if  the  width  of  the  building  exceeds  25  feet  there  should  be  one  or 
more  lines  running  across  the  cellar  and  to  within  10  feet  of  the  drains  at  the  ends  of  the  house. 
All  of  these  drains  should  be  connected  together  and  should  have  their  outlet  through  a  similarly  con- 
structed drain  discharging,  if  possible,  independently  of  any  drain  carr\'ing  foul  sewage,  lest  the  ob- 
struction of  such  drain  and  the  damming  back  of  its  water  lead  to  the  saturation  with  sewage- 
matter  of  the  ground  through  which  the  under-drains  are  led.  If  delivery  into  a  foul  drain  is  unavoid- 
able, then,  to  prevent  the  escape  of  the  foul  air  from  such  drain  into  the  ground  under  the  house,  the 
outlet  of  the  tile-drains  should  ha\'e  a  break  at  least  10  feet  long,  at  least  i  foot  lower  than  the  course 
of  the  drain  itself,  and  at  least  i  foot  wide,  filled  to  a  level  above  the  level  of  the  top  of  the  tile  with 
fine  gravel  or  coarse  sand.  This  will  prevent  the  return  of  the  foul  drain  air  while  allowing  the  under- 
drainage  water  to  flow  off.  Where  draining-tiles  cannot  be  obtained,  the  drains  may  be  furnished  with 
a  layer  of  fine  gravel  or  coarse  sand  not  less  than  6  inches  deep  and  i  foot  wide.  Such  drains  will  carry 
all  water  ordinarily  coming  to  them  through  simijle  seepage.  If  in  malting  the  excavation  for  these 
drains  a  spring  should  be  struck,  it  had  better  be  led  away  directl)-  b}'  a  pipe  or  a  drain  of  coarse 
gravel   not  connecting  with  the  undcr-drains  until    after    passing  outside    of    the    line    of    the    foundation. 
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Trouble  is  frequently  caused  by  the  water  of  heavy  rains  beating  against  the  side  of  the 
house  and  flowing  down  outside  of  the  foundation,  passing  under  it  and  rising  into  the  cellar. 
The  best  way  to  prevent  this  condition  is  to  grade  the  ground  about  the  house  in  such  a  man- 
ner as  to  carry  off  surface  flow  readily,  sodding  the  surface  close  up  to  the  foundation.  If,  as 
when  it  is  desired  to  use  terraces,  this  course  cannot  be  followed,' a  trench  should  be  dug  out- 
side of  the  foundation  and  somewhat  lower  than  its  footing,  the  trench  being  filled  to  a  depth  of 
at  least  three  feet  above  the  footing  with  coarse  gravel  or  small  stones.  The  outlet  to  this  trench 
should  deliver  independently,  if  practicable,  but  if  necessarily  into  the  under-drain  from  the  cellar, 
then   at   as   great    a   distance  ;is   practicable   outside    of    the   foundation. 


PLUMBING-WORK. 

It  is  not  intended  here  to  describe  fully  the  details  of  house-plumbing,  only  to  say  what  seems 
needful  concerning  these  works  in  the  house  which  constitute  an  auxiliary  to  tne  sewerage  of  the  town. 
I  have  little  to  add  to  what  is  already  set  forth  in  my  smaller  work,  "  How  to  Drain  a  House."  It  is 
only  in  exceptional  cases  that  an  engineer  is  called  upon  to  take  charge  of  work  of  this  character. 
It  is  generally  controlled  by  the  architect  and  the  plumber,  both  of  whom  are  much  more  interested  and 
competent  than  thej'  formerly  were,  though  they  have  still  some  advance  to  make  in  this  direction. 
The  following  extracts  from  a  paper  that  I  wrote  in  1886  seem  to  me  still  to  be  applicable,  though 
less  so  now  than   then  : 

Mr.  James  Sellars,  President  of  the  Glasgow   Institute  of  Architects,  said  in  a  recent  address: 

"  To  most  architects,  and  especially  to  young  architects,  the  construction  of  a  building  is  probably, 
and  the  sanitar\'  arrangements  shall  I  say  certainly,  the  least  attractive  branch  of  their  professional 
work;  and  yet  it  is  the  branch  of  their  work  which  most  directly  affects  the  health  and  comfort  of  our 
clients." 

Speaking  of  local  conditions,  he  said: 

"  Thirty  or  forty  years  ago,  when  built  drains  were  common,  and  pipe-drains  were  just  beginning 
to  be  introduced,  sanitation  as  a  science  was  but  little  understood  by  the  many.  Get  rid  of  the 
nastiness  in  any  way  was  the  principle  acted  on  :  get  rid  of  it,  cover  it  up,  conceal  the  means  of 
carrying  it  off,  do  anything,  but  don't  let  us  see  it.  The  ostrich  burying  its  head  in  the  sand,  and 
thinking  itself  secure  from  danger,  is  not  more  absurd.  Indeed,  it  is  so  far  a  parallel  case.  Bury  the 
drains,  no  matter  how  ;  don't  let  me  see  my  enemy,  and  there  is  no  danger — fatal  mistake  both  for 
the  ostrich  and  the  house-builder  of  the  period.  The  parallel  is  not  quite  complete,  however,  in 
respect  that,  while  the  ostrich  suffers  itself  for  its  folly,  other  people  suffer  from  the  deadly  results 
of    the    house-builder's    folly." 

Probably  the  president  of  the  American  Institute  of  Architects  would  not  differ  very  much  from 
the  speaker  in  his  opinion  that  architects  attach  too  little  importance  to  their  responsibilities  in  con- 
nection with  the  drainage  of  houses  which  they  plan,  and  for  every  detail  of  which  they  ought  to  have 
a  feeling  of  personal  accountability. 

In  those  cases  where  I  have  happened  to  be  cognizant  of  the  methods,  the  specifications  have 
either  been  written  by  a  plumber  who  was  to  bid  on  them,  or  have  been  rehashed  from  other  plumbers' 
specifications  and  made  to  fit,  more  or  less  well,  the  case  then  in  hand.  There  would  be.  perhaps,  not 
an  excuse  but  a  motive  for  this  condition,  if  the  work  as  specified  by  the  plumber  were  materially 
cheaper  than  thai  which  a  better  practice  would  require,  because  the  owner,  under  one  influence  or 
another,  insists  on  the  preservation  of  the  show  and  decoration  to  which  his  taste  and  his  mind 
have  been  led  up,  and  is  disposed  to  practise  on  hidden  parts  of  the  structure  the  rigid  economy 
thereby  made  necessary.      But    the    plumber's  work  is  not  cheaper;    as  a  rule,  it  is  more  costly.     I  can 
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recall  no  case  in  which  work  constructed  according  to  the  simple,  safe,  and  sensible  methods  of  the 
better  practice  of  the  day  has  not  been  materially  cheaper  than  that  provided  for  in  the  regular 
specifications. 

As  a  case  in  point,  I  was  not  long  ago  called  to  advise  concerning  the  plumbing  of  a  large  house 
after  the  main  lines  of  soil-pipes,  waste-pipes,  and  vent-pipes  had  nearly  all  been  put  in  place.  It  was 
a  case  where  complication  and  e.xtra  pipeage  had  been  carried  to  excess,  as  is  so  often  the  case  in 
large  houses.  I  recommended  an  entire  change.  The  owner  desired  to  know  the  cost  of  completing 
the  work  as  started  as  compared  with  the  cost  of  taking  out  all  that  had  been  done  and  following  miy 
advice  from  the  foundation.  The  plumber  in  charge  of  the  work  estimated  the  cost  of  completion 
according  to  his  own  plans  at  $720  ;  and  the  cost  of  taking  out  all  of  his  work,  starting  afresh  on  my 
plans  and  carrying  them  to  completion,  at  $670.  This  was  for  the  piping  and  connections  only.  There 
was  to  be  even  a  greater  difference  in  the  cost  of  fixtures.  One  fault  that  I  had  especially  avoided  was 
the  common  one  of  providing  one  hole  for  the  cat  and  another  for  the  kitten,  a  practice  that  is  better 
for  plumbers  and  manufacturers  than  for  householders. 

I  have  never  applied  a  water  test,  under  pressure,  to  work  that  had  been  done  in  a  fine  house, 
under  the  control  of  an  architect,  with  an}'  other  result,  so  far  as  his  frame  of  mind  was  concerned,  than 
to  annoy  him  by  the  demonstration  of  leaks  and  defects.  What  seems  still  more  remarkable,  when  I 
have  sometimes  thought  that  I  had  an  architect  really  converted,  when  he  acknowledged  that  the  work 
was  simple,  elegant,  safe,  substantial,  cheap,  and  in  ever)-  way  satisfactory,  the  conversion  never  lasted. 
I  never  found  that  the  example  had  the  slightest  influence  on  him  afterwards. 

I  write,  not  in  the  interest  of  engineers  nor,  in  this  case,  in  the  interest  of  o-wncrs,  but  in  the 
interest  and  for  the  information  of  architects  themselves.  They  are  not  onl)'  pursuing  an  ostrich-like 
policy,  and  doing  often  great  harm — ^\•hich,  of  course,  they  do  not  realize — but  they  are  losing  an 
opportunity  to  add  much  to  the  usefulness,  value,  and  importance  of  their  profession.  Thej'  are 
missing,  too,  another  opportunity  to  convince  the  general  public  of  the  wisdom  of  employing  their 
services. 

There  is  nothing  mysterious  about  the  house-drainage  art.  It  has  not  been  well  understood  for 
a  very  long  time  ;  but  it  is  getting  to  be  understood  now,  and  there  is  no  reason  wh}-  an  architect 
should  not,  even  at  the  cost  of  some  dull  and  stupid  hours,  appl)-  himself  resolutely  to  the  study  of 
the  fundamental  principles  of  this  part  of  his  profession.  Having  mastered  these  principles  sufficiently 
to  enable  him  to  take  cognizance  of  valuable  improvements  as  they  arise,  and  to  reject  mistaken  pro- 
cesses as  the  mistake  is  demonstrated,  there  is  no  reason  win-  he  ma\-  not  put  the  details  of  the  plan 
and  specifications  for  the  drainage  of  each  house  into  the  hands  of  an  intelligent  ofifice  assistant,  and 
secure  perfectly  good  work  at  very  little  cost  or  trouble  to  himself.  Until  he  does  thus  qualify  him- 
self he  is  playing  with  fire.  It  is  of  no  use  to  say  that  the  work  in  a  given  house  has  been  done 
by  the  best  plumber  in  the  city.  If  a  health  inspector  finds  it  radically  defective,  and  if  n  life 
has  been  lost  because  of  the  defect,  the  owner  will,  with  much  reason,  ascribe  his  misfortune  not 
to  the  plumber  whom  he  knows  only  indirectly,  but  to  the  architect  on  \\hom  he  has  depended  to 
have    his    house  in   all   respects    as   safe    as   it    is    beautiful. 

In  what  has  been  said  above,  I  do  not  mean  to  imply  that  there  are  not  exceptional  plumbers 
who  are  qualified  to  take  the  entire  charge  of  the  drainage  of  a  large  house  without  the  need 
for  an  architect's  control  or  supervision,  but  they  are  exceptional  and  they  are  few.  They  do  not 
always  run  the  largest  and  best  reputed  shops  in  the  town.  It  is  to  be  remembered  that  almost 
without  exception  plumbers  are  mechanics — men  who  have  grown  up  from  the  melting-pot  and 
ladle  to  the  management  of  the  business,  who  have  acquired  their  knowledge  by  tradition  and  b}' 
practice,  and  who  have  a  much  stronger  tendency  to  adhere  to  the  old  than  they  have  to  accept 
the  new.  They  have,  too,  a  business  interest  opposed  to  simplicity  of  work.  They  are  rarely  clever 
enough  to  see  that  the  more  simple  and  cheap  they  can  make  a  first-rate  job  of  jihindjing,  the 
more  work  they  will  get  in  other  houses.  Their  interest  is  almost  alwa}"s  a  commercial  one — or 
at  least  the  commercial  element  is  presumably  strong  enough  to  bias  their  judgment  in  cases 
where,  leakages  apart,  not  they  themselves  but  the  architect  is  to  be  held  responsible  for  the 
result. 

What  I  ilo  mean  is  that  the  architect,  who  is  the  creator  of  the  house — its  engineer  as  well 
as    its    artist — does    his     dut)-    neither    to    his    emploj-er,  to     his    profession,    nor    to     himself    when    he 
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allows  himself  to  remain  ignorant  or  indifferent  as  to  this  most  vital  part  of  the  work.  That  he 
is  thus  indifferent  and  ignorant  he  will  generally  admit  if  the  question  is  squarely  put  to  him. 
On  the  other  hand,  he  is  not  to  be  blamed  for  not  accepting  with  enthusiasm  the  advice  of  the 
sanitary  engineer.  So  long  as  he  is  not  able  to  decide  for  himself  between  the  sound  and  the 
unsound,  he  follows  only  the  cautious  dictates  of  natural  prudence  in  accepting  what  is  "  regular." 
If  architect  A  follows  the  uniform  example  of  architects  B,  C,  and  D,  his  chance  for  immunity  is 
better  than  it  \\ould  be  if  he  were  to  follow  the  advice  of  engineer  E,  without  being  able  to 
determine  whether  it  was  safe  advice  or  not.  Wliat  he  really  needs  is  to  qualify  himself  to 
decide  intelligently  between  the  routine  methods  of  the  plumber  and  the  different,  and  by  no  means 
always  better,  methods  of  the  engineer,  and  to  recommend  methods  better  than  either  when  occasion 
offers. 

No  art  has  improved  so  rapidly  nor  so  much  as  has  that  of  the  interior  draining  of  houses.  The 
tendency  has  been  steadily  toward  simplicity  of  arrangement,  good  workmanship,  thorough  flushing, 
efficient  ventilation,  and,  with  important  exceptions,  the  avoidance  of  deposits  and  accumulations.  The 
drain  under  the  cellar  floor,  which  was  formerly  almost  universal,  has  been  abandoned  in  all  good 
practice,  save  in  cases  where,  for  local  reasons,  it  could  not  be  abandoned ;  and  here  its  construction 
has    been   greatly    improved. 

The   following  are  items  to   which   it  seems  important  to  call  attention  in    this  connection : 


THE    MAIN    DRAIN. 

•  The  main  drain  of  the  house  begins  at  the  sewer,  or  other  point  of  disposal,  and  ends  above  the 
roof.  There  is  no  objection  to  using,  after  passing  a  few  feet  beyond  the  wall  of  the  house,  good, 
well-jointed,  vitrified  pipe,  laid  on  a  uniform  and  sufficient  grade,  and  thoroughly  secured  in  place  by  a 
careful  packing  of  the  earth  about  it.  As  it  approaches  the  house  iron  pipe  should  be  used,  and  this 
should  be  continued  to  the  top  of  the  ventilator  above  the  roof.  This  pipe  is  generally  made  of  cast- 
iron,  and  when  so  made  should  in  all  cases  be  of  the  kind  known  as  "  extra  heavy."  It  should  have 
branches  for  all  waste-pipes  that  it  is  to  receive,  and  where  convenient  these  should  be  Y-branches ; 
though  with  the  amount  of  water  now  used  in  flushing  nearly  all  vessels  there  is  less  objection  than 
there  formerly  was  to  the  use  of  J-branches.  The  jointing  of  the  soil-pipe  should  be  made  by  first 
packing  into  the  bottom  of  the  hub  a  sufficient  gasket  to  prevent  lead  from  running  into  the  pipe. 
The  hub  should  then  be  poured  quite  full  with  one  pouring,  and,  when  cool,  should  be  thoroughly 
caulked  so  as  to  be  abjolutely  tight.  Before  passing  through  the  roof,  the  pipe  should  be  enlarged 
by  increasing  the  diameter  by  at  least  two  inches,  this  larger  end  passing  through  the  roof  and  being 
left  quite  open,  save  for  a  wire  basket  to  exclude  leaves,  etc.  No  form  of  return  bend  or  ventilat- 
ing cowl  should  be  used;  it  has  been  sufficiently  established  that  in  ordinary  weather  an  open- 
mouthed,  straight  pipe  will  do  better  without  a  cowl  than  with  one,  and  that  the  most  effective 
means  for  increasing  the  movement  of  air  through  it  at  such  times  is  by  an  enlargement  of  its 
upper  end.  In  other  tlian  ordinary  weather — that  is,  when  there  is  considerable  wind  blowing — there 
is  no  reason  for  using  a  cowl,  because  at  such  times  all  open  pipes  will  have  naturally  a  sufficient 
draught. 

The  question  of  using  a  trap  on  the  main  drain  is  still  an  open  one,  good  authorities  being 
strenuous  in  their  advocacy  of  its  adoption  and  of  its  exclusion.  I  am,  m}'sclf,  decided!)-  of  the 
o])ininn  that,  while  there  may  be  some  (l(iui)t  as  to  the  policy  of  omitting  the  trap  in  a  few  excep- 
tional cases,  as  where  the  house-drains  of  the  town  generally  are  trapped,  antl  where,  therefore,  the 
ventilation     of     the    sewer    is    very    imperfect,   I     know     of    no    case    where,   with    even     tolerably    good 
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sewers,  all  valid  argument  is  not  entirel}^  in  favor  of  the  universal  omission  of  traps.  There  is  no 
way  in  which  sewers  may  be  so  efficiently  and  inoffensively  ventilated  as  through  house-drains  ;  if 
properly  constructed,  there  is  not  the  slightest  objection  to  this  use  being  made  of  them ;  and  there 
is  little,  if  an}',  question  that  wherever  the  usual  trap  is  used  the  decomposition  of  the  deposit 
that  it  will  inevitably  cause  will  produce  a  fouler  air  in  the  pipe  than  it  would  receive  from 
the  sewer. 

If  the  pipe  runs  straight  out,  without  interruption,  everj-thing  delivered  into  it  will  be  swept  on 
to  the  sewer  at  once.  If  a  trap  is  placed  in  its  course,  the  dead  water  of  the  trap  will  inevitably 
lead  to  more  or  less  accumulation  of  sewage  matters,  either  in  the  bend  or  in  the  horizontal  run  of 
the  pipe  back  of  the  bend.  It  is  now  very  well  understood  that  "sewer-gas"  is  in  many  cases  home- 
made ;  that  is  to  say,  it  is  more  apt  to  be  due  to  the  decomposition  of  the  slime  and  deposit  of  the 
pipes  within  the  house  than  to  be  introduced  with  the  ventilating  current  from  the  sewer.  There 
is  now  no  question  as  to  the  desirability  of  establishing  a  current  of  air  through  the  whole  drain  and 
soil  pipe.  Some  go  so  far  when  using  a  trap  as  to  carrj-  a  pipe  from  the  drain  up  the  outside  of 
the  house  to  ventilate  the  house-drain  and  sewer,  and  another  pipe  inside  of  the  trap  to  admit 
fresh  air  to  supply  the  draught  at  the  top  of  the  house.  Under  all  ordinary  conditions  there  will  be 
a  better  movement  of  air  if  the  intake  is  at  the  sewer,  at  one  end,  and  the  outlet  above  the  roof  at 
the    other. 

When  the  soil-pipe  has  been  completed,  from  the  end  of  its  iron  portion  outside  of  the  house  to 
the  top  of  the  roof,  all  of  its  openings,  in  the  ground  and  in  the  house,  should  be  tightl}-  closed,  and  it 
should  be  filled  with  water  to  its  very  top,  if  not  too  high.  For  verj-  high  houses  the  test  may  be 
applied  in  sections;  but  good  iron  pipe  with  well-caulked  joints  will  stand  a  head  of  one  hundred 
feet  without  bursting  or  leaking.  If  the  pressure  put  upon  the  pipe  indicates  a  leaking  joint,  it 
should  be  caulked  up  until  made  tight.  Small  sand-holes  in  the  body  of  the  pipe  ma}-  be  left  to  be 
tested  again.  After  a  few  da}-s  they  \\\\\  generall}-  be  found  to  have  been  perfectly  closed  with 
rust.  More  recently  a  ten-pound  air-pressure  test  has  been  applied  with  good  results.  It  is  more 
convenient 

The  use  of  "extra  heavy"  pipe  is  recommended,  because  common  pipe  is  very  often  so  thin  on 
one  of  its  sides  as  to  afford  an  insufficient  security,  while  the  hubs  are  not  strong  enough  to  stand 
the  caulking  needed  for  perfect  joints,  especially  when  the  lead  has  already  been  consolidated  by  the 
first  caulking. 

WATER  CLOSETS. 

Water-closets  are  not  generally  the  most  numerous  fi.xtures  in  a  house,  but  they  are,  on  the  whole, 
the  most  imijortant.  The  kinds  of  water-closets  that  have  been  invented  since  they  first  came  into  use 
are  almost   innumerable,  and  a  great  advance   has    been    made  in   their   character. 

By  far  the  most  common  closet  in  use  is  the  old-fashioned  "  pan  "  closet.  This  is  very  complicated 
and  in  most  respects  unsatisfactory,  but  it  is  so  largely  made  that  it  is  one  of  the  cheapest  available 
forms,  and,  where  no  control  is  exercised  over  those  whose  chief  purpose  is  to  obtain  a  cheap  closet 
that  will  "  do,"  it  is  ver}'  likely  to  be  the  one  selected.  It  has  long  been  abandoned  for  the  best  work, 
and    is    no    longer    of    interest    to    those    who-  read    books    of    this    class. 

The  hopper  closet  is  a  plain  bowl  of  iron  or  earthenware  with  a  plain  S-t^P  below.  It  is  simple, 
cheap,  and  more  than  reasonably  good.  If  well  flushed,  it  is  good  enough  on  sanitary  grounds,  but 
it  no  longer  meets  the  more  fastidious  retiuircmcnts  of  the  present  day,  as  its  walls  are  not  easil}- 
kept  clean. 

The  side-outlet   closet,  of  which   the  old    Jennings  closet   is   the   type,   as   it   was  the  originator,  held 
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out  a  promise  to  the  eye  that  it  failed  to  justify  in  practice.  Its  visible  parts  are  clean  enough,  but 
its   concealed    mechanism    is    generally    most    unsatisfactory. 

Valve-closets  of  the  old  "  Brahma  "  style  have  a  valve  closing  the  outlet  of  the  bowl,  and  held  to  its 
position  with  sufficient  force  to  maintain  a  considerable  depth  of  water  in  the  bowl.  The  outlet- 
chamber,  in  which  the  necessary  mechanism  is  contained,  is  not  subjected  to  complete  flushing,  and  is 
objectionable  on  that  account.  It  is  also  objectionable,  as  is  the  side-outlet  closet,  because  it  has  an 
overflow-channel  that  is  independent  of  its  main  outlet.  This  channel  is  liable  to  become  foul,  and 
the  manner  and  extent  to  which  it  is  protected  by  trapping  can  never  be  determined. 

It  constitutes  a  further  objection  to  this  closet,  to  the  side-outlet  closet,  to  the  pan-closet,  and  to 
all  closets  that  are  supplied  with  water  by  a  valve  on  the  main  supply-pipe  that  they  have  more  or 
less  machinery  outside  of  the  bowl,  making  it  desirable,  and  sometimes  necessary,  that  they  should  be 
enclosed  in  tight  carpentry  to  cover  their  defects  of  appearance  and  to  prevent  mischievous  meddling 
with  .their  levers,  wires,  cocks,  and  valves.  In  all  of  the  better  plumbing  practice  the  world  seems  to 
have  settled  down  definitely  to  the  use  of  one  of  three  forms  of  closet — all  of  them  flushed  from  inde- 
pendent cisterns  or  service-boxes  overhead;  the  communication  between  them  and  the  water-service  of 
the  house  being  thus  interrupted.  These  are  the  hopper  closet  described  above,  the  wash-out  closet, 
and  the  siphon  closet.      These  are  all  good,  with  varying  degrees  of  goodness. 

The  wash-out  closets,  of  which  the  "  Brighton  "  was  one  of  the  early  forms,  and  which  has  been 
more  prolific  in  the  devising  of  new  names  than  any  other  article  of  household  use  known,  are  all  sub- 
stantially alike.  They  have  a  shallow-basin  form,  with  an  outlet  over  the  edge  of  the  bottom  to  the 
front,  to  the  rear,  or  to  the  side.  The  overflow  line  of  this  outlet  is  usually  from  i  to  \\  inches  above 
the  lowest  point  of  the  bowl,  which  thus  retains  little  water  to  receive    deposits. 

The  trap  is  in  the  earthenware  under  this  shallow  bowl  and  above  the  floor,  making  the  closet  a 
convenient  one  to  place  in  connection  with  an  untrapped  branch  piece  leading  to  the  soil-pipe  connec- 
tion. The  overflow  is  through  the  main  channel,  and  the  main  channel  is  copiously  and  efficiently 
flushed  in  those  parts  that  are  most  open  to  observation.  The  portion  of  the  outlet  immediately 
below  the  overflow  is  less  likely  to  be  well  washed,  and  is  frequently  stained.  The  trap  is  the  ordi- 
nary shallow  one,  and  is  not  usually  open  to  inspection,  so  that  its  condition  and  its  contents  cannot 
be  known.  These  closets  are  simple  in  construction,  and  are  not  likely  to  get  out  of  order.  They 
have  the  advantage  for  hospital  use  that  if  the  water-closet  is  to  be  used  for  purposes  of  diagnosis, 
it   is  convenient  to    have   the  symptoms    displayed   over  a  white  ground. 

The  siphon  closets  constitute  the  third  class,  and,  in  my  judgment,  are  in  all  essential  respects 
far  better  than  either  of  the  others.  The  term  "  siphon  "  is  applied  to  all  closets  in  which  water 
is  held  at  a  considerable  height  in  the  bowl  and  discharged  by  a  siphon-shaped  pipe,  of  which  the 
overflow  point  at  the  bend  regulates  the  height  of  the  contained  water.  Some  of  them  are  dis- 
charged  by   siphonic  action,  and    others  are   not. 

The  first  of  these  closets  to  come  into  general  use  is  the  invention  of  William  Smith,  of  Cali- 
fornia. It  is  emptied  by  the  force  of  a  stream  from  an  overhead  tank,  driving  up  the  receiving  limb 
of  the  siphon  with  sufficient  force  to  carry  out  the  contents  of  the  bowl.  From  the  bend  the  dis- 
charge falls  into  the  drain.  Siphonic  action  is  not  an  element,  or  not  more  than  an  incidental  ele- 
ment, of  the   invention.      This  closet  has   been   largely  used    and   is    a  very  good   one. 

An  improvement  on  Smith's  invention  was  made  by  J.  P.  Putnam,  of  Boston.  His  bowl  has  a 
better  form  and  a  better  flush,  and  his  closet  works  much  more  quietly.  An  essential  feature  of  Mi-. 
Putnam's  invention  is  the  placing  of  the  valve  regulating  the  discharge  in  the  overhead  tank,  so  that 
as  the  lower  end  of  the  supply-pipe  is  submerged  it  stands  full  of  water  at  all  times,  thus  securing 
a  greater  force  as  the  stream  drives  into  the  closet,  and  obviating  the  noise  caused  by  air  in  the 
supply-pipe,   which    with    other    devices  is  carried    along  with    the  stream. 
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Boyle's  closet — "Tidal  Wave" — is  a  true  siphon  closet  which  has  a  trapped  bowl  and  a  second  trap 
with  an  intervening  air  space.  This  air  space  is  connected  by  a  separate  pipe  with  a  compartment  of 
the  overhead  tank,  so  arranged  that  when  water  fails  in  the  tank  in  supplying  the  closet  a  vacuum  is 
formed  which  must  be  supplied  from  the  air  space  in  the  siphon.  This  in  conjunction  with  the  supply 
to  tlie  bowl  causes  a  true  siphon  action  to  be  established.  It  was  objected  to  this  arrangement  that 
the  chamber  in  the  tank  became  filled  with  air  from  the  foul  interior  of  the  siphon,  and  that  when  the 
tank  was  refilled  this  air  was  driven  out  into  the  room.  This  was  sought  to  be  obviated  by  the  con- 
nection of  the  air-valve  by  a  separate  pipe  with  the  outer  air  or  with  a  ventilating  flue.  It  has  been 
found  by  experiment,  however,  that  all  of  the  air  taken  from  the  siphon  is  not  discharged  through  the 
air-valve  and  pipe. 

By  unsealing  the  siphon  and  filling  it  with  smoke,  refilling  the  bowl  by  hand  and  discharging  it 
by  the  tank,  the  smoke  is  driven  out  into  the  room  through  the  flushing-rim,  showing  that  the 
atmosphere  of  the  siphon  after  being  drawn  into  the  tank-chamber  becomes  involved  with  the  supply 
stream  and  is  carried  into  the  bowl. 

Some  years  ago  I  invented  a  siphon-closet  which  was  put  on  the  market  under  the  name  "  Dececo." 
I  think  that  it  is  free  from  the  defects  enumerated  above,  and  it  is  much  more  simple  than  any  of 
the  other  devices  described.  The  principle  on  which  it  works  is  akin  to  that  of  Field's  flush-tank. 
That  is : 

If  water  be  made  to  flow  with  only  moderate  velocity  through  a  siphon  it  will  carry  air  along  with 
it,  and  if  the  mouth  of  the  discharging  limb  of  the  siphon  be  obstructed  in  any  manner  that  will 
prevent  the  return  of    air    the  siphon  will    soon  begin  to  work  with  its  full  capacity. 

The  siphon  of  the  Dececo  closet,  whose  original  form  is  shown  in  Fig.  46,  which  is  a  longitudinal 
section  through  the  closet  and  its  outlet,  showing  also 
the  flushing-rim,  works  in  this  way.  The  form  of  the 
closet  is  such  as  to  give  the  greatest  depth  of  water 
at  the  rear.  The  depth  of  seal  is  considerably  greater 
than  the  diameter  of  the  siphon,  and  greater  than  that 
of  any  other  closet  thus  far  produced.  The  mouth  of 
the  siphon  is  at  X,  its  overflow  at  O,  and  its  ob- 
struction at  Y.  By  throwing  into  the  closet,  by  hand, 
even  two  quarts  of  water,  the  discharge  through  the 
siphon  is  sufficient  to  carry  air  with  it,  and  the  rising 
of  the  water-level  above  T  is  suf^cient  to  close,  or 
nearly  close,  the  air  spaces  at  Y,  so  that  a  true 
siphonic  action  is  established  and  the  closet  is  en- 
tirely emptied  down  to  the  point  X.  When  air  is 
taken  here  the  flow  ceases,  the  level  of  the  water 
at  T  runs  down,  air  is  admitted  from  the  soil- 
pipe  at  the  point  Y,  and  the  siphon  is  completely 
emptied,  the  contents  of  its  receiving  limb  below 
O    dropping    back    to    maintain    an     effective    seal    at 

X.  It  is  an  incidental  advantage  of  this  closet  that,  even  under  a  much  stronger  suction  on 
the  water  of  its  trap  than  could  ever  occur  in  practice,  air  may  be  drawn  continuously  through 
the  bowl  and  siphon  without  removing  so  much  of  the  water  between  X  and  O  that  it  will  not 
at  once  seal  the  outlet  on  the  cessation  of  the  suction.  It  becomes,  therefore,  entirely  unneces- 
sary to  ventilate  this  trap  by  a  vent-pipe.  In  Philadelphia,  where  the  venting  of  closet  traps  is 
required,    this    one    is    exempted.      Where    the    regulations    require    venting,   a    pipe    may    be    taken    out 


Fig.  46.     The    Dececo   Closet — Original    Form. 
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from    the    point    above    the    letter    T  in    tlie    cut    witliout    in    anywise    interfering    in    the    action    of     the 
closet. 

It  was  found  to  be  a  disadvantage  that  the  special  weir-chamber  X  T  must  be  built  below 
the  floor,  making  the  seating  of  the  closet  and  its  repairing  somewhat  expensive  and  troublesome. 
This  has  been  obviated  by  construction  in  the  form  shown  in  Fig.  47,  where  the  obstruction  is 
above  and    in    the  floor,  the   spigot   of  the    closet   being  so    placed    as   to    be     connected     with    a   bend 

at  an  opening  placed  as  for  other  water- 
closets.  The  depression  of  the  weir-cham- 
ber below  the  floor  in  the  form  shown  is 
slight  and  unobjectionable. 

As  indicating  some  of  the  advantages 
of  this  closet,  and  illustrating  the  supe- 
riority of  siphon  closets  with  deep  seals 
over  the  wash-out  closets,  I  introduce  here 
a  statement  prepared  for  another  purpose: 
The  first  desideratum  in  a  water-closet 
is,  that  it  should  retain  in  the  bowl  a 
sufficient  depth  of  tvater  for  tlie  complete 
submersion  of  all  deposits,  thus  preventing 
the  exhalation  that  attends  their  remain- 
ing uncovered.  Such  submersion  is  the 
most  effective  temporary  deodorizer  of 
fxcal    matter. 

The  next    is,  that  this  depth  of  water 
should   be    secured    without  a  valve  or  me- 
chanical  stopper  or  plunger,    all    such    mechanical    devices   being   liable   to   derangement,    entailing   com- 
plication,   and    being  uncleanly. 

The  next  is,  that  it  should  have  a  very  deep  seal. 

The  next  is,  that   the  trap  which  separates  the   outlet  of  the  water-closet   from  the  atmosphere  of 
the  room  should  be  in  full  view ;  that  is,  that  it  should  be  in  the  boivl  itself. 
The  next  is,   that  the  overflow  should  be  by  tlie  main  outlet  only. 

The  next  is,  that  when  the  closet  is  emptied  the  discharge  of  faecal  matter  should  be  preceded  by 
such  a  flood  of  water  as  will  thoroughly  lubricate  the  walls  of  the  soil-pipe  and  drain  and  thus  prevent 
adhesion  and  undue  sliming. 

These  advantages  are  all  secured  in  an  eminent  degree  in  the  Dececo  water-closet.  It  holds  water 
to  a  depth  of  seven  inches,  the  greatest  depth  being  in  the  most  useful  position — that  part  of  the  bowl 
which  receives  only  urine  being  but  slightly  covered.  The  water  is  held  to  its  full  depth  not  by  a 
mechanical  valve,  but  by  an  elevation  of  the  overflow  point  (the  bend  of  the  siphon).  The  only  trap 
of  the  Dececo  closet  is  the  water  in  the  bowl,  which  is  in  full  sight ;  any  obstruction  of  whatever  kind 
that  may  at  any  time  occur  must  necessarily  be  within  view  and  within  ea.^y  reach.  The  seal  is  a  very 
deep  one.  The  only  overflow  is  through  the  main  outlet.  The  siphon  by  which  the  bowl  is  emptied 
is  brought  into  action  only  by  the  flow  of  water  into  the  weir ;  before  it  is  possible  for  faecal  matter  to 
be   delivered   into   the   soil-pipe  a   considerable    volume   of  water   has   preceded  it. 

The  wash-out  closet,  now  so  popular  from  its  cleanly  appearance,  does  not  hold  under  the  seat  a 
sufficient  amount  of  water  to  cover  the  deposits;  it  is  without  valves  in  the  course  of  the  outlet,  but 
the  shallow  trap  is  entirely  hidden  and  inaccessible ;  the  overflow  is  by  the  main  outlet,  but  the  first 
flush    of    water  carries  the   deposits  with  it.     This    form    of  closet    has  the   further  disadvantage   that    its 


Fig.  47      The   Dececo  Closet — New   Form 
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basin  is  connected  witli  its  trap  by  a  channel,  only  a  small  portion  of  wliich  is  visible,  which  is  not 
uniformly  washed  by  the  flow  of  water,  and  may  become  fouled  in  use,  so  that  special  ventilatin" 
appliances  are  sometimes  adopted  for  the  removal  of  odors.  With  this,  as  with  most  other  closets, 
it  is  becoming  customary  in  the  best  work  to  resort  to  what  is  called  "seat  ventilation,"  establishing  a 
draught  of  air  inward  through  the  seat  for  the  removal  both  of  the  odor  attending  use  and  of  the  odor 
arising  from  the  smearing  of  the  walls  and  from  the  retention  of  fajcal  matter  in  the  trap. 
Fig.  48  shows  a  comparison   between  the  Dececo  and    the  wash-out  closets. 


The   Dececo. 


Fig.  48. 


The  Wash-out. 


In  the  former,  the  water  stands  to  a  depth  of  seven  inches ;  in  the  latter,  to  a  depth  of  one  and 
a   half    inches. 

In  the  former,  the  positive  seal  is  more  than  four  inches  in  depth;  in  the  latter,  the  positive 
seal  is  less  than   two  inches  in  depth 

In  the  former,  the  trap  is  in  sight  and  the  walls  of  the  outlet  are  under  water  and  are  odorless; 
in  the  latter,  the  trap  is  hidden  and  the  walls  of  the  outlet  are  exposed  to  the  air  and  may  become 
odorous. 

Whatever  form  of  water-closet  is  used,  it  should  have  an  abundant  and  quickly  delivered  supply  of 
water.  Under  ordinary  heads,  this  can  be  furnished  only  by  special  overhead  tanks.  While  there  are 
some  conditions  of  permanent  high  pressure  and  large  supply-pipes  that  make  it  safe  to  use  valves 
for  the  direct  supply  of  water-closet  bowls,  such  cases  are  so  rare  and  are  dependent  on  such  varying 
conditions  that  the   only  safe  plan  seems  to  be   to  prohibit  this  form  of   supply  altogether. 


WASH-BOWLS  AND  BATHS. 

There  has  recently  been  a  great  improvement  made  in  the  arrangement  of  the  waste-pipes  and 
overflows  of  baths  and  bowls.  I  think  it  was  in  1883,  in  a  paper  written  for  the  Ccutitry  Magazine, 
that  I  dwelt  strongly  on  the  defects  and  disadvantages  of  the  ordinary  chain  and  plug,  the  concealed 
overflow,  and  what  is  known  to  the  trade  as  the  "  Boston  Waste,"  being  a  plug  placed  at  some  dis- 
tance laterally  from  the  outlet.  I  suggested  that  the  most  promising  field  now  open  to  inventors  lay 
in  the  direction  of  getting  rid  of  the  hidden  overflow  of  these  vessels,  suggesting  that  until  some- 
thing better  sliould  be  found  the  stand-pipe  plug  was  the  best  device  to  use  in  connection  with  bath-tubs. 
Inventors  were  not  slow  to  act  on  the  suggestion.  Mr.  Putnam  first  appeared  with  a  recess  at  the 
back  of  the  bowl,  the  outlet  being  placed  at  that  point  instead  of  the  centre,  and  with  a  stand-pipe 
under  the  marble  slab,  raised  and  lowered  b)-  a  mechanism  operated  from  above  the  slab.  Various  modi- 
fications of  this  form  have  been  put  on  the  market,  each  dealer  general!)'  having  his  own  specialty. 
None    of     these    is   better  than  that    invented    b)-  my  former   plumbing-assistant,   Mr.  George  F.   Brown, 
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which  is  shown  in  Fig.  49.  The  stand-pipe  is  extended  into  the  hole,  with  openings,  constituting  a 
strainer.  It  rests  on  inclined  sections  at  its  lower  end,  and  these  rest  on  corresponding  inclined 
sections  in  the  seating.  At  the  top  of  the  stand-pipe  there  is  a  cross-bar  with  a  square  hole  in  it. 
Into  this  there  is  dropped  a  square  plug   connecting  with  the  swivel,  which  alone  is  above  the  slab      By 

rotating  the  stand-pipe  it  rides  up-  on  the  inclined  planes  and  stands  open. 
The  reverse  rotation  returns  it  to  its  place.  The  swivel  and  plug  may  be 
lifted  out  of  the  stand-pipe,  which  is  then  easily  removed  for  cleansing.  In 
all  cases   the  same  device  is  used  for  basins  and  bath-tubs. 

Wash-basins  are  now  almost  universally  set  "open  underneath."  The 
slab  is  supported  on  brackets  or  metallic  legs.  All  piping  and  trapping  is 
in  full  sight.  This  custom  is  now  so  generally  adopted  that  we  may  hope 
for  the  ultimate  extinction  of  the  ill-kept,  close,  unventilated  closet  Mhich 
has  so  long  constituted  one  of  the  serious  objections  to  the  use  of  stationary 
wash-stands. 

Bath  tubs  of  iron  and  earthenware  are  now  made  to  stand  openly  in 
the  room,  raised  from  the  floor  on  their  own  legs,  and  insuring  the  same 
cleanliness  and  perfect  ventilation  with  the  abolition  of  carpentry  as  is 
effected  in  the  case  of    wash-basins    and    water-closets.       Doubtless  it    will  not 


Fig.  49. 

Waste- Plug 


be  long  before 

the     planished 

copper       bath 

will  be  con- 
structed to  be  used  without  its  surround- 
ing cabinet  work.  This  seems  to  me  to 
be  really  the  most  cleanly  and  useful  of 
all  the  various  forms  of  bath-tub.  It 
does  not  withdraw  the  heat  from  hot 
water  nearly  so  much  as  iron  and  earth- 
enware do.  Soap  and  other  floating  mat- 
ters adhere  to  it  much  less  tenaciously, 
and,  which  is  very  important,  are  much 
more  readil}'  seen  when   they  do  adhere. 

KITCHEN   AND    PANTRY   .SINKS. 

The  kitchen  and  in  less  degree  the 
pantry  sink  are  the  source  of  more 
trouble,  so  far  as  house-drainage  is 
concerned,  than  an)-,  perhaps  than  all, 
other  branches  of  the  service.  There 
is  little  difficulty  in  securing  an  effec- 
tive   flushing  of    the    outlets  of    wash-basins,  baths,  slop-sinks,    laundr)--tubs,    and    water-closets. 

Sinks,  which  receive  pot-liquor,  hot  water  in  which  greasy  dishes  have  been  washed  and  small 
particles  of  refuse  food,  have  a  tendency  to  become  choked  up  by  slow  accretion.  Hot  water  passing  into 
a  pipe  and  carrying  melted  grease  becomes  cooled  in  transit,  and  its  chilled  grease  attaches  itself  to  the 
walls  of  the  pipe;  the  next  discharge  deposits  grease  on  this  first  layer,  and  the  process  is  continued  until 
the  channel  is  reduced  to  the  smallest  diameter  that  will  carry  the  flow.     Bits  of  meat  and  other  rubbish 


Fig,  50.     The   Dececo   Kitchen    Sink 


HO  USE-DRAINA  GE. 


r/9 


become  involved  with  this,  and  in  time  a  complete  stoppage  is  likely  to  occur.  Where  it  does  not  occur 
we  have  a  tortuous  and  irregular  channel  through  a  mass  of  grease  and  other  foreign  matters  which  are 
subject  to  decomposition,  and  the  outlet-pipe  becomes  by  this  reason  foul-smelling  and  very  objectionable. 

Many  attempts  have  been  made  to  overcome  this  difficulty  by  the  use  of  "  grease-traps."  In  my 
judgment  these  grease-traps  are  to  a  certain  extent  man-traps.  It  is  true  that  if  they  are  opened  and 
thoroughly  cleansed  every  day  they  may  be  made  to  hold  back  all  of  these  troublesome  matters,  and  the 
product  in  soap-grease  is  sufficient  to  repay  the  trouble.  But  it  is  equally  true  that  they  never  are  cleaned 
out  daily,  nor  are  they  cleaned  with  sufficient  frequency  to  prevent  them  from  becoming  a  seat  of  objec- 
tionable decomposition,  of  which  the  foul  products  are  carried  forward  to  the  drain  or  sewer.  They  are, 
in  a  smaller  way,  subject  to  all  of  the  objections  that  attach  to  cesspools,  and  they  ought  not  to  be  per- 
mitted in  connection  with  the  drainage  of  any  house.  All  large  water-ways,  like  three-inch  traps  and  tliree- 
inch  waste-pipes,  are  more  or  less  objectionable  in  proportion  to  their  size.  The  larger  they  are  the  more 
deposit  they  contain.  The  pot-trap  which  is 
still  largely  in  use,  especially  among  Boston  _ 
plumbers,  is  even  worse  than  the  ordinar}- 
three-inch  S-trap.  It  is  impossible  to  estab 
lish  through  it,  by  means  of  the  outflow  from 
any  kitchen  sink,  such  a  rapid  and  thorough 
movement  of  water  as  will  remove  all  of  its 
contents.  The  deposit,  once  begun,  con- 
tinues until  the  worst  condition  possible  with 
a  pipe  of  that  size  is  established.  Ordinarily, 
so  long  as  this  or  any  other  large  trap  does 
not  refuse  to  perform  its  office  of  transmit- 
ting the  flow  it  is  left  uncared  for,  and  after 
a  short  time  it  becomes  a  compact  mass  of 
putrid  grease  through  which  the  discharge 
finds  its  way  by  a  very  irregular  channel. 

I  have,  and  I  think  successfully,  endeav- 
ored to  overcome  this  difficulty  by  a  device 
which  prevents  all  flow  through  the  outlet  of 
the  sink,  except  at  intervals,  when  a  suffici- 
ently copious  flow  is  established  to  carry  everything  forward  and  maintain  a  cleanly  condition  of  the  pipe. 
This  is  shown  in  Fig.  50,  which  represents  an  ordinary  iron  sink  with  a  rather  coarse  eight-inch  iron  strainer, 
through  the  centre  of  which  a  spindle  passes,  having  a  knob  at  its  upper  end.  Under  the  sink  there  is  a 
large  "  flush-pot  "  holding  seven  or  eight  gallons.  This  is  connected  at  its  lower  end  with  a  two-inch 
waste-pipe  that  has  an  ordinary  running  trap  in  its  course.  The  bottom  of  the  flush-pot  is  closed  with 
a  large  brass  plug  attached  to  the  spindle.  The  sink  is  used  until  water  will  no  longer  flow  from  it ; 
the  spindle  is  then  raised  a  few  inches,  unseating  the  plug  and  allowing  the  contents  to  flow  out 
with  a  rush,  carrying  everything  with  it.  The  flush-pot  should  not  be  discharged  except  when  full,  so 
that  when  there  is  any  flow  through  the  pipe  there  will  be  a  sufficient  current  to  insure  its  being 
thoroughly  flushed  out.  Once  a  day  the  spindle,  with  the  strainer  and  plug,  should  be  entirely  re- 
moved and  the  pot  cleansed  with  a  brush,  a  little  water  flowing  at  the  time.  By  this  means  the 
interior  of  the  pot  is  kept  as  bright  and  clean  as  a  soup-kettle,  and  there  is  never  the  least  possi- 
bilit)'  of  foulness.  I  have  had  this  flush-pot  in  use  in  m\-  own  kitclun  fur  sc\cn  or  eight  )'ears  past 
antl    it    has  proven  most   satisfactory.     So  far  as    I   know   and    believe  it   has  been    so  in    all  cases. 

Fig.   51   shows  the   same  device   in    connection    with  a   "square    botton. "  pantr_\-  sink-.     The    pot     is 
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made    smaller    in    this    case,  because    the    water    accumulated    in  the  sink  for  washing  dishes  gives  it  a 
sufficient  volume    for   flushing. 

Fig.  52  shows  a  large  copper  flush-pot  to  be  used  for  soapstone,  porcelain,  or  wooden  sinks.  The 
depression  in  the  strainer  to  make  room  for  the  knob  of  the  spindle  is  an  improvement  which  is 
now  attached  to  all  forms  as  manufactured.  I  do  not  use  an  overflow-pipe  with  kitchen  sinks,  be- 
cause there  is  ordinarily  no  ceiling  beneath  them  to  be  injured  by  accidental  overflow,  and  because 
overflow    in    such    cases    is    too    rare  to  be  considered.     This    is    not  always  the    case  with  pantry  sinks  ; 

and   it    is  well   here   to   use   an   over- 
?^5,v>-;^'     If    I  f-^^^-^    ~      "■    '    ~  ~    ~  -'-^S^^^^l  r^F^"^':.'' "^ "''"'-<'    flow,  but    it   is  better,  wherever  prac- 
L^|j   '    y  ,_„,_-,,.,  '^^    tF  '  ticable,    to    carry    the     overflow-pipe 

through  the  outer  wall  of  the  house 
and  let  it  discharge  on  the  ground, 
thus  preventing  absolutely  all  com- 
munication between  the  drain  and 
the   pantry. 


TRAPS    AND    TRAP-VENTING. 

The  number  and  variety  of  traps 
that  are  used  in  connection  with 
plumbing  fixtures  are  almost  infinite. 
They  may  be  divided  into  three 
general  classes  : 

(i)  Simple  water-seal  traps  ^\'hich 
may  be  emptied  by  siphonage. 

(2)  Water  seal  traps  which  can- 
not be  emptied  by  siphonage. 

(3)  Mechanical,  or  valved  traps. 
The  simplest  form  of  water  seal 

trap  is  a  common  S  or  P  trap,  where 
a  bend  of  the  pipe  retains  a  certain 
amount  of  water.  This  would  be 
perfectly  satisfactor}'  for  nearly  all 
uses  were  it  not  for  the  fact  that 
its  barometric  resistance  is  very 
slight,  and  under  the  various  forms 
of    suction  (siphonage)    it    is    robbed 

Fig.  52.     The  Dececo  Flush-pot,  for  Soapstone,  Porcelain,  or  Wooden  Sinks,     of    its   water,   leaving  a   free    channel 

for  the  admission  of  air  from  the 
drain  to  the  room  It  is  now  thought  by  many  of  the  best  recognized  authorities  on  the  subject  that 
this  glaring  defect  of  water  seal  traps  of  this  class  may  be  entirely  overcome  by  what  is  called  trap-vent- 
ing—that is  to  say,  by  carrying  an  air-pipe  from  the  top  of  the  trap  to  the  outer  air,  so  that  when 
suction  is  ])roduce(l  it  will  be  supplied  by  a  current  of  air  flowing  through  the  vent-pipe.  Tlie  use  (jf 
the  vent  pipe  in  connection  with  all  tia[)s  is  now  required  by  ordinance  in  many  of  our  cities,  includ- 
ing the  city  of  New  York.  There  has  been  a  good  deal  of  discussion  on  this  subject  for  a  number 
of  years.      I    took  an   active    part    in    the    discussion    and    wrote    several    papers    concerning    it    for    the 
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Aiiicruaii  Architect.     The  following  extracts  are  to  be  considered  in  view  of  the  state  of  the  art  at  that 
day,  but  they  express  my  present  opinion  as  to  the  general  principles  involved  : 

From  its  simplicity  and  cheapness  the  simple  bend-trap  holds,  for  uses  to  which  it  is  suited  or  for 
which  it  is  necessary,  the  first  place.  As  ordinarily  made  its  diameter  is  too  great  and  the  depth  of  its 
water-seal  is  too  little ;  but  this  dif^culty  may  easily  be  remedied.  As  ordinarily  applied  in  house- 
drainage  it  is  subject  to  the  very  serious  danger  of  having  its  water  withdrawn  by  suction  (siphonage), 
when  a  strong  flow  through  the  soil-pipe  or  waste-pipe  to  which  its  own  waste  delivers  creates  a  partial 
vacuum  and  causes  the  atmospheric  pressure  on  the  house  side  of  the  trap  to  force  its  contents  forward 
toward  the  drain.  A  realization  of  the  advantages  of  this  trap  and  an  observation  of  its  frequent  fail- 
ure from  the  cause  just  described  have  led  to  the  wide  and  general  adoption,  in  the  regulations  of 
boards-  of  health  and  in  the  recommendations  of  experts,  of  the  principle  of  what  is  called  "back  ven- 
tilation." The  best  accepted  illustrations  of  interior  house-drainage  include  almost  without  exception  a 
series  of  air- pipes  leading  from  the  top  of  each  trap,  either  separately  or  in  combination  with  each 
other,  to  the  top  of  the  house  or  to  a  point  in  the  soil-pipe  above  the  highest  fixture  connected  with 
it.  In  some  cities  it  is  permitted  to  construct  or  to  alter  the  plumbing-work  of  a  house  only  in  con- 
formity with  this  plan.  That  such  ventilation  will  efficient!}'  correct  the  difficulty  to  which  it  is  di- 
rected  is   not   quite   certain,  and   that   it   has   some  grave   objections  seems  to  me   clear. 

I  object,  in  the  first  instance,  to  the  serious  increase  it  requires  in  the  amount  of  lead  pipe  thus 
introduced  into  the  drainage-work,  lead  pipes  being  subject  to  accidental  defects,  as,  for  instance,  by  the 
misdriving  of  nails  and  the  gnawing  of  rats,  which  indicate  the  propriety  of  limiting  its  use  as  much  as 
possible.  The  extra  cost  of  the  work  that  the  arrangement  entails  is  by  no  means  unimportant.  Fur- 
thermore, and  this  is  serious,  it  is  found  in  practice  that  the  free  current  of  air  established  immediately 
over  the  water  of  the  traps  leads  to  its  rapid  evaporation,  causing,  under  not  unusual  circumstances,  a 
greater  danger  of  unsealing  from  this  cause  than  previously  existed   from  siphonage. 

Having  long  had  the  conviction  that  the  requirement  for  universal  back  ventilation  in  the  regula- 
tions of  certain  boards  of  health  was  ill  advised,  I  obtained  authority  from  the  National  Board  of 
Health  to  undertake  an  exhaustive  series  of  experiments  with  a  view  to  discovering  the  conditions 
under  which  siphonage  would  and  would  not  take  place.  The  results  of  these  experiments  were  so  at 
variance  with  the  accepted  theory  that  they  were  subsequently  repeated,  by  order  of  the  National 
Board,  by  E.  S.  Philbrick,  Esq.,  C  E.,  in  Boston,  his  arrangements  being  somewhat  different  from  mine, 
but  both  arrangements  being  those  usual  in  house-drainage.  M}'  experiments  indicated  that  sufficient 
security  could  be  guaranteed  by  a  thorough  ventilation  of  the  soil-pipe,  and  that,  while  Mr.  Philbrick 
caused  the  siphonage  of  traps — not  always,  but  sometimes — with  a  thoroughly  ventilated  soil-pipe,  he 
did  so  with  a  combination  of  discharges  from  different  vessels  that  would  very  rarely,  if  ever,  occur  in 
practice.  Mr.  Hellyer's  experiments  in  London  showed  that  with  a  three-andone-half  inch  soil-pipe, 
with  full  ventilation  at  the  top  and  at  the  foot,  it  took  ten  discharges  of  a  water  closet  to  cause  a 
small  trap  connected  with  a  lower  point  of  the  soil-pipe  to  lose  three-sevenths  of  its  one-and  three- 
quarter- inch  seal. 

With  no  desire  to  call  into  question  the  wisdom  and  propriety  of  the  orders  and  regulations  of 
established  sanitary  authorities,  I  cannot  accept  this  requirement  as  being  either  necessary  or  judicious; 
and,  although  compelled  to  conform  to  it  when  working  within  the  jurisdiction  of  such  boards  of 
health,  I  have  very  rarely  in  practice  elsewhere  met  with  a  single  instance  in  which  it  seemed  to  me 
necessary,  for  the  purpose  of  preventing  the  ?i>!sca/i)ig  of  traps,  to  apply  the  system  of   back  ventilation. 

At  least  one  practical  expert  who  reviewed  my  experiments  at  the  instance  of  the  National 
Board  reported  that  my  results  were  fully  in  accordance,  with  what  he  had  himself  concluded  after 
much  inspection  of  house-drainage  work  ;  but  he  regretted  the  conclusions  at  which  I  had  arrived, 
for  the  reason  that  the  prescribed  back  ventilation  leads  to  a  useful  circulation  of  air  through  the 
whole  system  of  lateral  waste-pipes.  Where  it  is  important  to  establish  such  a  circulation  of  air  it 
may  be  wise  to  adopt  the  new  method;  but  it  siKinld  he  done  frankh'  for  this  oliject.  E\'en  then 
the  work  should,  I  think,  be  so  modified  as  not  to  jjring  the  current  so  near  to  the  water  of  the 
trap  as  to  facilitate  its  evaporation. 

It  was  found  in  my  experiments  that,  while  it  was  easy  to  protect  lateral  traps  from  the  influ- 
ence   of    currents  passing  down  an  open-mouthed    soil-pipe,  there  was  a  frequent    disturbance   of    minor 
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traps  when  several  vessels  were  attached  to  one  small  lateral  waste.  It  becomes,  in  such  cases,  a 
question  as  to  the  propriety  of  preventing  this  disturbance  by  a  back  ventilation  or  of  adopting  the 
alternative  of  using  mechanical  traps,  which,  however  much  they  may  be  disturbed,  cannot  be  per- 
manently unsealed.  My  experiments  showed  that  the  desired  end  could  always  be  secured  by  the  use 
of    mechanical  traps. 

The  greatest  difficulty  encountered  in  recommending  modifications  of  the  usual  forms  of  work  to 
practical  plumbers  is  met  in  advising  a  reduction  of  the  sizes  of  traps.  So  far  as  I  know,  no  plumber 
in  New  York  or  Boston  would  think  of  using  a  trap  less  than  two  inches  in  diameter  under  the  kitchen 
sink  of  a  large  house.  Many  prefer  a  three-inch  trap  even  where  the  waste  is  smaller.  Opposi- 
tion generally  takes  the  form  of  the  expression,  "Why,  such  a  trap  will  fill  up  in  no  time;  I  took 
out  a  three-inch  trap  the  other  day  and  it  was  filled  with  grease  as  full  as  it  could  be."  It  seems,  at 
first  blush,  incredible  that  matters  which  will  be  retained  in  the  form  of  foul  and  obstructing  deposits 
in  a  two  inch  trap  or  pipe  will  be  completely  removed  if  the  diameter  is  reduced  to  one  inch  or  to  whatever 
will  bring  it  to  the  easy  flushing  capacity  of  the  stream  to  be  supplied.  Too  large  bent  traps 
have  the  great  advantage  over  the  Boston  round,  or  pot,  or  bottle  trap  that  they  do  furnish  a 
direct  water-way  without  angles  for  the  accumulation  of  deposit;  but  an  inspection  of  either  of 
these  which  has  been  for  some  time  in  use  will  elucidate  the  subject  most  clearly.  In  a  rapid, 
constant  current  obstructing  matters,  including  congealing  grease,  are  carried  forward  by  the  velocity 
of  the  stream  The  velocity  depends  on  the  diameter  of  the  channel  through  which  a  certain 
amount  of  water  flows.  If  this  amount  of  water  passes  through  a  three-inch  channel  with  a  velo- 
city of  one  inch  per  second,  it  will  flow  through  a  one-inch  channel  with  a  velocity  of  nine  inches 
per  second.  In  the  latter  case  it  has  sufficient  power  to  carry  with  it  everything  that  can  go 
through  the  strainer  of  a  sink,  but  at  the  lower  velocity  it  will  have  no  such  power.  Grease  will, 
in  congealing,  attach  itself  to  the  sides  of  the  channel;  solids  will  settle  in  eddies  of  the  current,  and 
the  trap  or  pipe  will,  little  by  little,  become  obstructed.  Usually  this  obstruction  goes  on  until  the  water- 
way is  reduced  to  a  size  necessary  to  give  the  current  enough  velocity  to  carry  its  contents  all  with  it.  A 
dissection  of  an  old  three-inch  kitchen  sink  trap  generally  shows  a  mass  of  grease  and  filth  through  which 
a  small,  tortuous  channel  has  been  maintained  by  the  force  of  the  lestricted  current.  If  the  diameter  of 
the  conduit  itself  is  reduced  at  once  to  the  diameter  of  such  a  self-constructed  channel,  there  will  be  no 
accumulation  at  any  point.  If  accumulation  occurs,  it  means  not  at  all  that  the  passage  is  too  small, 
but  that  it  is  too  large,  and  that  the  stream  has  itself    been  at  work  in  reducing  it  to  the  proper  size. 

The   demonstrated    facts   seems   to    me    to  be   as    follows : 

1.  We  have  discovered   no  trap  of  any  kind  that  is  substantially  perfect. 

2.  Water-seal  S-tr^ps.  even  when  "  vented,"  are  not  safe  under  all,  nor  under  nearly  all,  cir- 
cumstances. Practically,  "  you  may  trust  them  as  far  as  you  can  see  them,"  and  no  farther,  and  even 
then  only  when  you    do    see    them   constantly. 

3.  Traps  closed  by  floating  balls  are  practically  safe  so  long  as  the  water  to  which  the  flotation 
is  due  is  maintained  at  a  sufficient  height,  and  so  long  as  the  ball  maintains  its  buoyancy.  As 
neither    of  these    conditions    is    necessarilj^    permanent,  these    traps    need    watching  also. 

4.  Traps    closed    by  hinged  valves   are    never   safe. 

5.  Traps  closed  by  balls  resting  on  submerged  seats  are  more  or  less  good,  according  to  the  close- 
ness of  the  joint.  They  are,  if  of  such  form  as  to  keep  themselves  clean,  and  when  well  made,  the 
only  trap  thus  far  devised  that  may  be  trusted  without  watching  ;  but  with  a  somewhat  doubting  trust 
even  then. 

The  influence  of  preconception  is  shown  at  every  turn  in  the  discussions  referred  to.  Mr.  Phil- 
brick  shows  the  futility  of  the  venting  device  by  repeated  experiment,  thus  [See  Anieriea)i  Arcliiteet 
for  September  9  and  16,  1882]:  (A — 4.)  A  two-inch  trap  on  a  two-inch  waste  had  a  one-inch  vent- 
pipe  twenty-eight  feet  six  inches  long  ;  its  seal  was  one  and  five-eighths  inches.  In  nine  experiments 
with  a  discharge  through  it  of  a  pail  of  water  it  lost  its  seal  twice.  (A — 5.)  A  one  and  a  half  inch 
vent,  fifty  feet  long,  being  substituted,  this  trap  lost  one  inch  of  its  seal  in  five  trials  out  of  ten,  ^o 
that  a  second  use  without  ruplenishing  it  would  probably  have  unsealed  it.  (B — 2.)  A  four-inch  traj) 
on    a    four  inch    soil-j)ipe,  with    one  and  .seven  eighths-inch    seal,  had  a  one  and  a-half-inch  vent-pipe,   one 
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foot  long.  The  discharge  of  a  pail  of  water  destroyed  its  seal  three  time-s  out  of  ten.  (B — 3.)  In- 
creasing the  vent  to  two  inches,  the  discharge  of  six  pailfuls  broke  the  seal  once  and  nearly  broke 
it  twice.  (B — 4.)  Increasing  the  vent  to  three  inches  (still  one  foot  long),  ten  pailfuls  broke  the  seal 
once,  and  reduced  it  to  less  than  half  its  depth  six  times.  (B — 10  )  "  Under  conditions  which  indi- 
cated perfect  security,  with  a  pipe  one  foot  long  and  one  and  a  half  inches  in  diameter  on  a  four 
inch  trap,  a  coil  of  pipe  fifty  feet  long  coupled  to  the  vent  rendered  it  inefficient  once  in  eight 
trials — the  trap  having  two  inches  seal  being  siphoned  in  this  case — and  lost  one  inch  of  water  three 
times  out  of  the  eight.  In  another  case,  where  a  short  vent  of  one  inch  in  diameter  seemed  to  be 
quite  efficient,  a  coil  of  one-inch  pipe,  with  a  length  of  twenty-eight  feet  six  inches,  being  coupled  to 
it  rendered  the  vent  of  apparently  little  use,  for  the  trap  lost  its  seal  at  every  trial."  (E.)  He  con- 
cludes that  with  ordinary  hopper-closets  used  for  emptying  slops  "  it  is  difficult  to  preserve  the  seal 
in  the  ordinary  form  of  S'ti'ap,  even  by  a  vent-pipe  attached  thereto,  unless  this  be  applied  directly 
to  the  crown  of  the  trap,  and  be  as  large  as  four  inches  in  diameter  for  at  least  a  foot  above  the 
trap." 

With  these  conclusive  data  under  his  eye,  Mr.  Philbrick  says:  "The  ordmary  S-ti'^P  alone,  with 
ample  air-vent,  is  therefore  recommended  for  use  under  water-closets,  and  also  for  all  other  fixtures 
where  its  proper  ventilation  can  be  secured  within  reasonable  limits  of  expense."  He  recommends 
that  such  ventilation  should  in  every  case  "be  severely  tested  by  repeated  trials,"  but  he  seems  not  to 
have  noticed  how  little  prospect  of  universal  success  he  has  left  to  the  "ventilating"  system,  nor  how 
little  basis  for  his  preconception.  Farther  on  Mr.  Philbrick  repeats  his  recommendation  thus:  "The 
best  and  most  simple  remedy  for  the  siphoning  of  traps,  in  most  cases,  is  undoubtedly  to  be  found  in 
the   introduction   of  air  at   the   normal   pressure  at   the   crown   of  the   trap." 

The  Sanitary  Engineer  in  introducing  Mr.  Philbrick's  report,  with  a  tenacity  worthy  of  a  sounder 
holding,  says:  "We  have  heretofore  often  urged  on  our  readers  the  importance  of  providing  air-vents 
for  every  trap,  and  if  it  needed  any  further  proof  it  is  to  be  found  in  these  experiments." 

This  set  of  experiments  included  the  testing  of  Bowers'  and  Cudell's  traps  ;  yet,  although  the  ball, 
in  the  case  of  each,  remained  against  its  seat,  they  are  not  deemed  worthy  of  notice  in  the  "  Conclusions 
and  Recommendations." 

Renk's  experiments  in  Munich  were  in  the  main  confirmatory  of  Lis.sauer's  and  Philbrick's:  they 
developed  nothing  new  as  to  siphonage. 

My  own  experiments  agreed  with  neither.  They  indicated  the  constant  efficiency  of  the  free 
ventilation  of  the  soil-pipe  alone.  In  one  sense  they  are  of  little  value,  for  the  experiments  of  others 
show  that  under  other  conditions  the  open  top  of  the  soil-pipe  may  fail  to  protect  the  trap.  It  is 
possible  that  one  of  the  causes  of  the  differences  between  Mr.  Philbrick's  results  and  mine  is  to  be 
sought  in  the  fact  that  his  soil-pipe  was  new  and  smooth,  while  mine  was  old  and  probably  retarded  the 
flow  of  its  water.  Doubtless  much  of  the  difference  was  due  to  the  fact  that  his  soil-pipe  was  much 
longer  than  mine,  and  had,  therefore,  much  more  frictional  resistance. 

The  sum  of  all  the  testimony  very  decidedly  demonstrates  the  impossibility  of  maintaining  the 
water-seal  of  traps,  not  larger  than  the  pipes  they  protect,  either  by  ventilating  the  soil-pipe  or  by 
ventilating  the  traps  themselves ;  that  is,   of  maintaining  them  at  all  times. 

The  deduction  from  this  is  inevitable :  whether  ventilated  or  not,  such  traps  must  be  used  only 
where  their  unsealing  will  be  at  once  detected  ;  practically,  that  they  must  be  used  nowhere,  except  in 
vessels  in  which  the  trap  is  in  the  open  bowl,  as  in  certain  water-closets  and  urinals.  Deep  water- 
closet  traps  are  sometimes  large  enough  to  allow  the  passage  of  air  without  becoming  unsealed,  but  for 
all  other  uses  some  other  device  must  be  adopted  if  we  are  to  avoid  the  danger  of  unsealing  under 
certain  combinations  of  flow.  Each  trap  may  be  subjected  to  tests  more  severe  than  it  can  possibly 
undergo  in  practice,  and  it  may  (with  an  open  soil-pipe  it  probably  will)  be  found  safe,  but  without 
such  testing  no  small  trap  can  be  trusted.  Large  traps  are  inadmissible,  foul  cesspools.  The  fact 
that  the  ventilation  of  the  trap  itself  is  found  effective  cannot  be  accepted,  for  in  use  the  ventilation 
may,  and  probably  will,  in  time  become  obstructed  by  deposits. 


284  SEWERAGE   AND   LAND-DRAINAGE. 

Those  who,  controlled  by  their  preconceptions,  still  look  to  trap-ventilation  for  relief  should  read 
again  and  ponder  well  Mr.  Philbrick's  results  as  to  the  relations  between  the  size  and  the  length  of 
ventilation-pipes.  Surely  those  boards  of  health  which  insist  on  such  ventilation  should  now  modify 
their  regulations.  The  inadequacy  of  the  system  to  meet  all  conditions — even  when  traps  and  pipes 
are  new  and  clean-  condemns  their  judgment  in  the  matter.  And  these  traps  and  pipes  are  clean 
only  before  they  are  used.  Subsequent  examination  shows  that  the  mouth  of  the  vent  at  the  top  of 
the  trap  quickly  catches  deposits,  and  often  becomes  quickly  closed  by  them,  soon  turning  our  fancied 
protection  into  an  unsuspected  failure.  It  is  my  own  opinion  that  if  all  the  traps  in  a  house  were 
vented  as  required  by  these  sanitary  authorities,  the  venting  would  soon  become  nul  in  many  of  them, 
and  that  the  traps  where  it  remained  effective  would  become  unsealed  by  evaporation  (due  to  the 
draught  immediately  over  them)  more  often  and  more  thoroughly  than,  without  venting,  they  would 
have   been    unsealed  by  siphonage. 

Then,  again,  trap-ventilation  pipes  are  usually  made  with  lead  (thin  lead  at  that),  and  every 
unnecessary  foot  of  lead  pipe  in  the  drainage-work  of  a  house  is  an  added  danger  to  be  avoided 
so  far  as  may  be.  We  must  bear  in  mind,  also,  the  great  addition  to  the  cost  of  the  work  that 
this  modern  hypothetical  cure  for  bad  trapping  entails  on  the  householder — whose  interests  we  are 
in  duty  bound  to  regard,  at  least  to  the  extent  of  imposing  on  him  no  extra  charge  for  uncertain 
benefits. 

Some  importance  is  attached  to  the  effect  of  trap-ventilation  in  establishing  a  needed  current 
through  long  lateral  waste-pipes.  A  much  more  radical  and  better  way  to  meet  this  need  is  to  do 
away  with  long  lateral  wastes  altogether.  We  have  tried  long  enough  to  learn  how  we  may  safely 
maintain  the  widely  difTused  baths  and  basins  characteristic  of  the  "first-class"  houses  of  a  few  years 
since.  I  have  hitherto  believed  that  this  end  might  be  secured,  but  I  abandon  the  belief.  Prudence 
demands  that  while  we  should — as  we  safely  may — provide  w  hat  is  necessary  for  reasonable  conveniences 
and  comfort,  we  should  limit  as  much  as  may  be  the  distribution  of  plumbing  appliances.  In 
pursuance  of  this  policy  we  can  place  all  vessels  requiring  waste-pipes  so  near  to  a  perfectly  ventilated 
soil-pipe  that  the  ventilation  of  lateral  wastes  may  be  disregarded. 

The  conclusions  that  were  drawn  from  such  of  the  above-described  experiments  as  indicate  an 
advantage  of  trap-ventilation  had  naturally  the  cordial  endorsement  of  the  plumbing  fraternity.  This 
system  required  for  its  execution  a  large  addition  to  the  material  and  work  of  plumbing,  and  so  in- 
creased their  business.  Most  plumbers  are  still  strongly  in  favor  of  the  system,  which,  as  already 
said,  is  sustained   very  largely  by  boards  of    health. 

The  prediction  that  experiments  with  other  inventions  would  be  made  in  this  connection  has 
proved  .to  be  true.  Mr.  J.  P.  Putnam,  a  Boston  architect,  has  made  an  elaborate  series  of  experi- 
ments, more  trustworthy  in  their  details  and  more  important  in  their  results  than  all  that  preceded 
them.  Mr.  Putnam  was  led  by  his  experiments  to  the  invention  of  a  trap  which  he  calls  the  "Sani- 
tas."  The  ultimate  form  of  this  trap  was  reached  by  a  series  of  trials  carried  on  in  logical  sequence. 
Its  theory  is  thus  expressed  by  its  inventor : 

"  Fig.  b  shows  an  attempt  to  diminish  the  fouling  surface  of  a  pot-trap,  but  the  result  is  a 
more  rapid  loss  of  the  water-seal  under  siphonage,  as  the  water  is  reflected  directly  into  the  outlet. 
Thus  the  water  is  by  degrees  all  thrown  out,  and  the  total  destruction  of  the  seal  becomes  simply 
a  matter  of  time,  dependent  upon  the  proportions  of  the  body  of  the  trap  as  related  to  the  inlet 
and  outlet  arms.  How  can  this  time  be  prolonged,  or,  in  other  words,  how  can  the  power  of 
resistance  to  siphonage  be  increased,  without  increasing  the  actual  size  of  the  body  of  the 
trap? 

"  Evidently  the  smaller  the  amount  of  water  lying  in  the  path  of  the  air-current,  in  proportion 
to   the   entire   volume   of  water  contained   in    the   trap,  the  less  of    it  will   be  removed  thereby. 
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"  Hence  the  action  of  the  trap  will  be  very  much  improved  if  it  be  set  horizontally,  as  in  Fig.  c. 
The  air  in  passing  through  the  trap  now  disturbs  a  much  smaller  proportion  of  the  water  than 
before,  and  the  loss  is  coiisequently  less.  A  very  important  point  gained  is  that  the  water  is  re- 
flected before  instead  of  after  passing  the  outlet  mouth,  so  that  the  spray  is  not  obliged  to  pass 
twice  within  the  influence  of  its  suction.  A  comparative  test  on  these  two  arrangements  of  the 
same-sized  trap  showed  a  power  of  resistance  on  the  part  of  the  horizontal  form  nearly  double  that 
of   the  vertical. 

"  We  are  now  able  to  greatly  diminish  the  size  of  the  body  of  the  trap,  and  upon  experiment 
we  shall  tind  that  the  sectional  area  of  the  body  may  be  reduced  to  one-half  its  original  size  with- 
out reducing  the  resisting  power  of  the  trap  below  that  of  the  first  form.  Still,  the  trap  is  not  self- 
cleansing." 

The  illustration  used' is  a  pot-trap,  being   vertical    in   b   and    horizontal    in   c. 

It  was  found  that  by  rounding  off  the  corners  of  the  pot-trap  so  that  it  became  virtually  an 
Strap  with  a  large  rising  limb,  although  it  was  kept  cleaner,  the  water  was  withdrawn  more  rapidly. 
The  next  experiment  w'as  to  lay  the  pot-trap  on  its  side,  which  led  to  a  much  less  rapid  loss  of 
water.  The  resistance  to  siphonage  was  nearly  twice  as  great  as  with  the  same  trap  set  upright. 
Next,  the  diameter  of  the  pot  was  greatly  reduced.  It  was  still  a  good  non-siphoning  trap,  but  it  was 
not  yet  self-cleansing. 

"  To  render  it  substantially  so,  the  body  must  be  reduced  to  very  nearly  the  size,  in  sectional 
area,  of  the  inlet  and  outlet  arms.  A  further  reduction  of  this  size,  without  further  modification, 
woukl,  of  course,  correspondingly  reduce  its  resisting  power.  To  make  some  modification  which  will 
permit   of   this   reduction    of    size    without    loss   of    power  is    our   next  problem." 

A  number  of  other  experiments  were  made  with  a  view  to  increasing  the  resistance  to 
siphonage    while    insuring    a    perfect  cleansing  of    all   exposed   walls  of    the  pipe.      The    form    finally 


Fig.   53.      Sanitas  Trap  complete, 
with   Movable  Cup   in   Place. 


Sanitas  Trap  Opened,  to  show  the 
different  Parts  Detached. 


Fig.  54- 


Sanitas  Trap-cup,    Partition, 
and   Washer. 


attained  consists  of  a  cylindrical  chamber  having  a  horizontal  axis,  a  flat  back,  and  a  cup-shaped 
front.  Water  enters  at  the  bottom  of  the  cj-linder  and  is  discharged  at  the  top.  Between 
the  inlet  and  the  outlet  ports  a  diaphragm  is  set  A\hich  not  onl)-  divides  the  short  cylinder 
into  two  parts,  but  which  projects  into  the  cup-shaped  front  so  as  to  leave  only  a  sufficient 
passage-way  for  the  water  between  the  end  of  the  diaphragm  and  the  bottom  of  the  cup. 
This  supplies  ample  reflecting  surface  to  maintain  the  integrity  of  the  trap,  while  the  water- 
way is  so  little  enlarged  at  any  point  as  to  insure  its  cleansing.  Figs.  53  and  54  shov>-  its  con- 
struction. 
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This  trap  withstands  siphonage  jicrfectly  under  all  conditions  whicli  could  arise-  in  practice,  and 
its  use  will  entirely  obviate  the  need  for  trap-ventilation.  When  the  trap  is  quite  filled,  any  tendency 
to  siphonage  will  carry  off  the  upper  portion  of  its  water  easily,  but  when  the  seal  has  been  reduced 
to  about  one-half  its  normal  height,  being  still  as  great  as  in  the  ordinary  S  trap,  no  more  water  is 
withdrawn.  I  regard  it  as  a  perfectly  safe  trap  to  use  in  all  places  for  which  it  is  suitable  It  is  not 
at  all  suited  for  water-closet  use  and  it  is  not  well  suited  for  kitchen  and  pantry  sinks.  For  laundry 
tubs,  wash-basins,  baths,  and  slop-sinks  it  has  no  equal.  Mr.  Putnam's  experiments  not  only  resulted 
in  the  production  of  a  trap  that  will  withstand  siphonage,  but  they  demonstrate  very  clearl}'  the  im- 
portance of  some  weaknesses  and  disadvantages  of  trap  ventilation   which  had  not  been  fully  developed 


Fig.  55.      McClellan's    Mercury-Seal   Trap  Vent. 


before.  It  was  found  that  while  an  ordinary  water-seal  may  be  maintained  with  absolutely  complete 
ventilation,  as  where  there  is  at  the  top  of  the  trap  a  large  pipe  only  a  few  inches  in  length,  the 
lengthening  of  the  air  pipe  and  changes  in  its  direction,  by  increasing  the  elements  of  friction  and  mo- 
mentum, made  it  easier  for  the  siphonic  force  to  be  satisfied  b)'  drawing  air  through  a  shallow  trap  than 
by  moving  the  column  of  air  in  the  pipe.  The  .same  effect  was  observed  by  Mr  Philbrick,  but  not  so 
fully  developed.  It  was  also  found  that  the  prescribed  method  of  trap-ventilation,  by  carrjing  an 
air-pipe  from  its  top,  produces  such  a  current  of  air  in  such  immediate  proximity  to  the  water  of  the 
trap  as  to  evaporate  it  rapidly,  so  that  unused  traps  might  in  a  short  time  lose  their  sealing-water 
entirely. 

My  own  conclusion  on  the  subject  of  trap-ventilation  is  that  it  is  almost  always  unnecessary;  that 
the  means  prescribed  are  not  well  suited  to  the  end  in  view ;  that  there  is  more  liability  of  the  de- 
struction of  the  seal  by  evaporation  by  reason  of  the  venting  than  of  its  destruction  by  siphonage  when 
not  vented ;  and  that  in  those  rare  cases  where  siphonage  cannot  be  prevented  by  a  better  arrangement 
of  discharge-pipes  the  best  remedy  would  be  to  supply  the  defective  traps  at  their  summits  with  McClel- 
lan's mercury-seal  trap-vent  (Fig.  55),  a  perfectly  safe  device  of  little  cost,  simple  and  easy  of  appli- 
cation, and  sure  to  supply  air  when  needed,  because  affording  less  resistance  to  its  inflow  than  does 
the  water  of  an  S-tr-ip  "f  ordinary  depth. 

The  class  of  traps  which  cannot  be  emptied  by  siphonage  includes  all  that  are  of  great  depth  antl 
diameter,  in  addition  to  Putnam's  trap  described  above.  These  large  and  deep  traps  are  used  chiefly 
in  connection  with  water-closets,  and  they  constitute  an  important  element  of  the  various  forms  of 
siphon-closet. 
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Referring,  for  example,  to  the  diagram  of  the  Dececo  closet,  on  page  276,  it  will  be  seen  that  the 
rising  limb  of  the  trap  is  of  large  diameter  and  of  considerable  height.  Any  considerable  siphonic 
force  brought  to  bear  on  this  trap,  enough  to  overcome  a  head  of  four  or  five  inches  of  water,  will 
cause  air  to  pass  through  it,  but  the  passage  of  air  under  any  force  possible  in  house  drainage  will  be 
readily  effected  without  occupying  any  considerable  area  of  the  rising  limb,  so  that  sufficient  water 
will  remain  after  the  passage  of  the  air  to  drop  back  and  cause  a  safe  seal.  Indeed,  this  effect  is  pro- 
duced at  each  use  of  the  closet.  When  the  contents  of  the  bowl  have  been  withdrawn  by  the  ordinary 
siphonage  air  enters  at  the  intake,  but  when  the  siphon  is  broken  there  is  alwa}'s  an  ample  supply  to 
secure  an  effective  seal  at  the  bottom  of  the  bowl. 

There   are  three    forms   of  mechanical   valves   or  traps   in   use   which  are  represented  by — 
{a)     The   Bowers  trap,   where  a   ball   is   floated   against  the   mouth  of    the    vertical  discharge-pipe ; 
(i';)     The    Cudell  trap,  where  a  ball  lies  on  the  top  (outlet)  of  a  vertical  pipe ;  and 
{c)     The   Barrett  trap,  which    has    an    ordinary    hinged    flap    falling    over  the  mouth  of  a  horizontal 
outlet. 

There  are  cases  where  all  of  these  traps  may  be  used  with  advantage  :  The  Bowers  trap  is  useful 
for  kitchen  sinks  ;  the  Cudell  trap  for  ordinary  use  with  basins,  bath-tubs,  etc  ,  is  a  great  improvement 
on  the  simple  water-seal,  whether  vented  or  not ;  and  the  Barrett  trap  is  pretty  good  for  use  on  hori- 
zontal drains  which  are  subject  to  back-flow,  as  from  rising  tides.  This  trap  is  not  perfect,  because 
any  obstruction  lodged  between  the  trap  and  its  seat,  and  near  to  the  hinge,  causes  a  considerable 
opening  at  its  lower  end.     It  is,  however,  ordinarily  a  good  safeguard  against  back-water. 


THE  DISPOSAL  OF  HOUSE-WASTES. 

If  a  sewer  is  available  for  connection  with  the  main  drain  of  a  house,  the  question  of  dis- 
posal, so  far  as  the  occupant  of  that  house  is  concerned,  is  settled.  By  far  the  larger  majority  of 
houses,  however,  are  without  such  facilities,  and  it  is  a  matter  of  the  greatest  importance  to 
decide  wisely  as  to  the  means  of  disposal  to  be  adopted.  All  competent  authorities  are  in  full 
accord  as  to  the  pernicious  character  and  absolute  inadmissibility  of  cesspools,  or  of  an)-  form 
of  receptacle  of  the  water-borne  wastes  of  houses  which  are  not  subject  to  constant  or  frequent 
renewal. 

Wherever  there  is  a  considerable  amount  of  land  available,  not  too  near  occupied  buildings,  the 
safest  and  best  means  of  disposal  is  by  surface-irrigation,  being  in  a  smaller  way  the  same  system 
as  is  recommended  in  the  chapter  on  sewage-disposal  in  the  case  of  towns.  Where  this  means  is 
adopted  it  is  important  to  collect  the  sewage  in  a  vessel  from  which  it  may  be  intermittently 
discharged  in  volume,  sufficient  to  cover  a  considerable  area  of  land.  The  ordinarj'  settling  basin 
and    flush-tank,  described    below,    accomplish    this   purpose    in    a    satisfactory    manner. 

Where  less  land  is  available,  or  where  for  any  reason  the  discharge  of  the  sewage  over  the 
surface  of  the  ground  is  objectionable,  a  perfectly  good  result  may  be  obtained  by  the  use  of  what  is 
known  as  the  sub-surface  irrigation  system.  The  essential  element  of  this  system  is  a  line  or  lines  of 
ordinary  agricultural  drain-tile  properly  laid  near  to  the  surface  of  the  ground  and  having  uncemented 
and  rather  wide  joints  between  their  ends.  Sewage  delivered  into  these  tlrains  oozes  out  through  the 
joints  and  is  taken  up  and  purified  b}'  tire  soil.  It  is  as  important  in  this  case  .  as  in  the  other  that 
the  sewage  should  be  accumulated  in  a  proper  vessel  until  the  \'cilumc  is  sufficient  to  fill  the  whole  or 
a  large  part  of  the  series  of  drains,  and  especially  to  prevent  a  constant  flow,  which  would  give  no 
intermission  for  aeration. 
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This  system  originated,  so  far  as  we  know,  with  the  Rev.  Henry  Moule,  of  England,  the  in- 
ventor of  the  earth-closet,  who  published  a  description  of  its  application  in  1868.  He  had  found 
that  the  use  of  the  earth-closet  was  objected  to  for  the  reason  that  it  fails  to  provide  for  the 
disposal  of  the  liquid  wastes  of  the  house,  leaving  it  necessary  that  a  cesspool  or  sewer  should 
be  resorted  to  for  this  purpose,  which  might  as  well  be  also  used  in  connection  with  water- 
closets.  He  tried  the  experiment  of  laying  an  open-jointed  tile-drain  a  few  inches  below  the  surface 
of  the  ground  along  the  foot  of  a  trellis  covered  with  grape-vines.  The  result  was  a  vigorous 
growth,  an  improved  fruitage  of  the  vines,  and  an  inoffensive  and  innoxious  disposal  of  the  waste 
liquids. 

A  few  years  later  Mr.  Rogers  Field  made  use  of  the  same  system  in  connection  with  the  drainage 
of  Cottages  at  Shenfield,  supplementing  the  drains  with  a  flush- tank  arranged  to  hold  back  the  flow 
until  it  became  full,  and  then  to  discharge  it  with  one  rush  into  the  tiles,  efTecting  thereby  a  long 
period  of  intermission,  during  which  the  soil  was  exposed  to  aeration  and  consequent  purification, 
avoiding  the  constant  saturation  that  a  steady  trickle  from  the  house-drain  would  produce  at  the  be- 
ginning of  the  drain,  and  bringing  its  whole  length  into   equal   requisition  at  each  periodic  outflow. 

In  this  form  the  apparatus  was  somewhat  extensively  used  in  England  and  elsewhere.  At  my 
own  house  in  Newport,  where  about  two  hundred  feet  of  absorption  tiles  performed  their  office 
satisfactorily  for  eleven  years,  I  interposed  a  settling-basin,  of  about  one  hundred  gallons  capacity, 
in  the  course  of  the  drain  leading  from  the  flush-tank  to  the  absorption  area.  This  held  back  coarser 
matters  and  a  large  proportion  of  the  grease.  There  was,  however,  always  some  difficulty  resulting 
from  the  adhesion  of  grease  to  the  outlet  of  the  flush-tank,  requiring  frequent  cleaning  of  the 
siphon,  and,  later,  such  a  disturbance  of  the  accumulated  matters  in  the  settling  basin  as  caused 
flocculent  and  greasy  particles  to  flow  forward  and  in  time  to  choke  the  drains.  It  became  neces- 
sary, from  time  to  time  (three  times  in  the  eleven  years),  to  lift  the  whole  series  of  tiles,  wash 
them,    and   replace   them. 

The  next  improvement  was  to  place  the  settling- basin  between  the  flush-tank  and  the  house, 
serving  as  a  grease-trap,  protecting  the  siphon  of  the  flush-tank  against  the  gradual  accretion  of 
grease,  and  leaving  only  a  relatively  clear  liquid  to  be  discharged  into  the  pipes.  This  was  a  great 
improvement,  and  practically  effected  all  that  was  necessary  where  only  the  small  flow  of  the  kitchen- 
sink  was  to  be  taken  care  of.  It  was  found,  however,  when  it  became  a  question  of  disposing  of 
the  entire  waste  of  a  house,  including  water-closets,  baths,  etc.,  that  the  flow  into  the  settling- 
basin  had  at  times  sufificient  force  so  to  disturb  its  deposits  as  to  cause  a  considerable  amount  of 
semi-solid  matter  to  pass  over  into  the  flush-tank,  leading  in  time  to  the  obstruction  of  the  drains. 
This  has  been  remedied  by  constructing  in  the  settling-basin  a  division-wall  at  right  angles  to  the  line 
of  flow,  and  built  to  about  the  height  of  the  ordinary  water-level.  This  wall,  dividing  the  basin  into- 
two  chambers,  confines  the  disturbance  caused  by  the  inflow  to  the  first  chamber.  The  flow  fi'om  this 
into  the  other  chamber,  being  in  a  thin  stream  over  the  top  of  the  wall,  does  not  disturb  the  deposits, 
and  only  the  liquid   passes  into  the  flush-tank. 

It  has  also  been  found  that,  whatever  precautions  may  be  taken,  it  may  become  necessary, 
from  time  to  time,  to  take  up  parts  of  the  absorption  drains  to  cleanse  them  from  occasional 
obstructions.  When  such  removal  of  the  tiles  becomes  necessary,  it  is  of  the  greatest  importance  that 
they  should  be  relaid  on  their  e.xact  original  grade.  To  the  end  that  this  removal  antl  cleansing 
ma)'  be  ])erf(irmed  by  any  laborer,  and  in  an  inexpensive  manner,  it  is  desirable  that  the  tiles  be 
laid  on  a  fnuiulalion  that  need  never  l)e  disturjjed.  .Strips  of  board  serve  this  purpose  well  wliile 
they  last;  but  their  decay  is  somewhat  rapitl  under  such  conditions,  so  that  it  is  best  in  constructing 
the  drain  to  lay  first  a  line  of  earthenware  gutters,  carefully  placed  and  never  to  be  disturbed,  and 
to   lay   the  tiles   in   these. 
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Furthermore,  whatever  precautions  we  may  take  to  prevent  flecks  of  greasy  matter  from  entering 
the  drains,  small  amounts  of  such  material  will  inevitably  be  carried  forward  with  the  discharge ;  so 
that  if  the  tiles  are  laid  with  close  joints,  the  ends  actually  touching  each  other,  the  narrow  spaces, 
which  serve  a  good  purpose  at  the  outset,  will  in  time  become  choked  with  deposits,  causing  the 
drain  to  act  as  a  tight  pipe,  except  at  those  few  points  where,  from  breaks  or  other  inequalities  at 
the  ends  of  the  tiles,  there  is  an  unduly  large  opening.  When  the  drains  are  in  this  condition,  the 
escaping  sewage  confined  to  these  points,  under  the  pressure  of  the  discharge  from  the  tank,  may 
here  and  there  reach  the  surface,  which  is,  of  course,  objectionable.  To  avoid  this  difificulty  it  is  now 
my  custom  to  requin;  the  tile-layer  to  carry  a  piece  of  thick  sole-leather  as  a  gauge,  laying  the  drains 
with  a  distance  apart  equal  to  the  thickness  of  the  leather.  Here  again  might  come  another 
difificult}' :  were  such  open  joints  allowed  to  remain  unprotected,  the  covering  earth  would  work 
through  them  into  the  tiles  and  cause  obstructions.  The  joints  are  therefore  covered  with  a  short 
earthenware  cap  over  the  top. 

In  order  to  leave  the  space  between  the  tiles  as  effective  as  possible  for  the  escape  of  the 
sewage,  the  gutter  and  the  cap  are  both  made  with  a  radius  greater  than  that  of  the  outside  of  the 
tile,  so  as  to  form  a  true  bed  and  an  efficient  cover  without  hugging  the  joint,  except  at  the  very 
top    and    bottom. 

These  developments  of  the  system,  simple  though  they  are,  have  been  slowly  worked  out  to 
meet  a  succession  of  difficulties  which  have  arisen  in  practice.  They  have  now  had  sufficiently  long 
application  and  sufficiently  extensive  trial  to  make  it  prudent  to  assert  the  practical  efficiency  of 
this  method  of  disposal. 

It  is,  in  fact,  a  perfect  system  for  the  disposal  of  liquid  household  wastes,  practically  and 
theoretically,  with  a  single  limitation — viz.:  it  still  involves  the  retention  of  a  cesspool  of  incon- 
siderable size.  It  is  imjM-acticable  to  allow  the  discharge  of  kitchen  and  wafer-closet  matter,  including 
paper,  to  flow  directly  into  the  flush-tank:  it  would  soon  obstruct  the  siphon,  and  so  much  of  it  as 
passed  on  into  the  drains  would  soon  obstruct  these.  It  is  imperative  that  such  matters  should  be 
withheld  until  by  maceration  or  by  decomposition  they  will  pass  on  in  solution  or  in  suspension  in 
the  liquid  flow.  In  so  far  as  decomposition  is  necessarj',  the  settling-basin  is,  in  a  less  degree,  subject 
to  the  theoretical  objections  that  are  made  to  the  cesspool.  It  is,  however,  to  be  considered  that  this 
settling-basin,  which  is  perfectly  tight  as  to  its  walls,  is  so  small  that  the  volume  of  water  passing 
through  it  takes  up  the  products  of  decomposition,  and  carries  them  on  to  the  drains  before  they 
assume  a  condition  at  all  comparable  to  that  of  the  permanent  cesspool.  It  is  found,  practically,  that 
the  arrangement  is  inoffensive  and  safe. 

The  line  of  pipe  (usually  four-inch  vitrified  pipe)  leading  from  the  flush-tank  to  the  absorption- 
field,  be  it  far  or  near,  should  have  its  joints  tightly  cemented.  Its  fall  may  be  during  the  early  part 
of  its  course  as  great  as  the  lay  of  the  land  requires,  but  as  it  approaches  the  absorption-tiles  it 
should,  where  practicable,  be  reduced  to  four  inches  per  hundred  feet.  Where  this  is  not  practicable 
the  work  should  be  so  arranged  that  each  branch  shall  be  filled  to  its  full  capacity  as  the  flow 
reaches  it  in  its  turn,  only  the  excess  of  flow  passing  on  to  the  next  branch.  The  joints  of  this 
line  should  be  tightly  cemented  until  its  depth  becomes  less  than  eighteen  inches  from  the  surface. 
It  should  have  branch  pieces  for  the  connection  of  the  absorption  drains  delivering  from  the  bottom 
of  the  main.  The  absorption-drains,  of  which  the  total,  length  should  be  about  equal  to  the 
number  of  galk)ns  discharged  at  each  operation  of  the  flush  tank— more  in  heavy  soils  and  less 
in  light  soils — should  be  laid  in  gutter-tiles,  of  which  the  channel  should  be  about  ten  inches 
below  the  finished  surface  of  the  ground.  The  s\stem,  carried  out  as  here  described,  will,  I  am 
confident,  be  found  much  the  most  satisfactory  that  can  now  be  adopted  for  the  disposal  of  the 
liquid    wastes    of    country  houses,    and    even    of    village-houses,    luuing    a    small     amount     of    available 
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land ;  for  example,  the  absorption-ground  may,  without  annoyance,  be  within  twenty  feet  of 
the  house  (as  my  own  was).  For  a  family  of  six  or  seven  persons,  with  an  ordinarily  light 
soil,  three  hundred  feet  of  absorption-drain  will  be  sufficient.  As  the  tiles  may  be  laid  in  parallel 
lines  not  more  than  four  feet  apart,  there  will  be  required  only  twelve  hundred  square  feet  of  ground. 
Small  houses,  using  little  water,  may  be  served  with  a  much  smaller  area.  In  very  porous  sand  or 
gravel,  even  in  the  case  of  a  small  system  where  the  time  occupied  in  the  delivery  of  the  con- 
tents of  a  flush-tank  to  the  extreme  ends  of  the  drains  is  very  short,  probably  a  length  of  drain 
of  fifty  feet  would  take  care  of  one  hundred  gallons  of  sewage  before  a  sufficient  head  would  be 
brought  to  bear  upon  it  to  force  it  to  the  surface  of  the  ground — which,  of  course,  is  to  be  avoided. 
In  a  very  stiff  clay,  on  the  other  hand,  where  the  sewage  would  escape  through  the  joints  very  slowly,  it 
might  be  prudent  in  small  systems  to  use  a  length  of  three  hundred  feet  or  more  for  the  same  amount. 
In  what  may  be  called  average  soils,  in  the  construction  of  small  works  for  single  families,  an  allowance  of 
two  hundred  feet  for  one  hundred  gallons  seems  to  answer  very  well.  It  is  always  well  to  bring  a 
little  "  head "  to  bear  on  the  contents  of  the  p'pes  to  insure  their  being  filled  at  every  point. 
In  very  stiff  clays  it  is  well  to  fill  the  trench  from  the  bottom  of  the  gutters  to  above  the  tops  of  the 
caps  with  sand  or  gravel  to  hasten  the  discharge. 

Perfcet  drainage  of  t lie  soil  is  most  indispensable,  and  if  the  land  is  not  naturally  dry  it  must  be  thoroughly 
tinder-drained.  Where  under-draining  is  necessary,  the  perfect  settling  of  the  filling  over  the  under- 
drains  must  be  secured  by  the  equivalent  of  at  least  two  or  three  drenching  rains  before  it  is  safe  to 
lay  the  absorption-tiles  across  the  lines  of  the  trenches. 

It  has  been  a  matter  of  surprise  to  all  who  have  had  experience  with  this  system  that  the  most 
severe  frost  seems  to  have  no  effect  upon  its  working.  In  my  own  grounds,  where  the  absorption- 
drains  were  five  feet  apart,  the  ground  between  them  has  been  frozen  to  a  depth  of  three  and 
one-half  feet,  yet  the  warmth  of  the  sewage  was  always  sufficient  to  secure  its  entrance  into  the 
soil. 

It  may  be  worth  while  to  say  a  further  word  concerning  the  atmosphere  of  the  settling-chamber, 
which  is,  in  a  certain  sense,  a  permanent  cesspool.  This  air  cannot  fail  to  be  made  foul  by  the 
decomposition  of  the  sewage  there  retained,  but  the  frequent  renewal  of  the  small  volume  of  sewage 
reduces  this  difficulty  to  the  minimum.  It  is  desirable  to  remove  the  deposits  of  the  settling-chamber 
from  time  to  time — as  observation  may  show  to  be  necessary.  No  rule  can  be  fixed  as  to  this. 
In  some  cases  the  decomposition  is  so  complete  that  the  chamber  never  accumulates  much  deposit. 
In  others  it  should  be  cleaned  out  monthly.  The  proper  relation  between  size  of  chamber,  amount  of 
water  discharged,  and  proportion  of  foreign  matter  in  the  water  cannot  be  fixed  in  the  present  state 
of  experience  with  the  apparatus. 

Another  question  of  much  interest  is  the  cost  of  the  work.  It  is  possible  to  construct  a  disposal 
system  on  the  principle  here  set  forth  for  little  more  than  the  cost  of  a  good  cesspool ;  but  it  is  a 
case  where  parsimony  is  to  be  deprecated.  There  is  nothing  more  important  to  the  sanitary  condition 
of  an  isolated  residence  than  the  perfect  disposal  of  its  organic  wastes.  It  is  conceded  on  all  hands 
that  the  common  cesspool  has  irremediable  sanitary  defects.  The  system  that  has  been  here  described 
offers  a  perfect  solution  of  this  question — but  perfect  only  when  executed  with  the  greatest  care  and 
the  closest  attention  to  details. 

It  should  be  repeated  that,  however  completely  the  system  may  be  carried  out,  obstructions  will 
from  time  to  time  occur  in  the  drains.  These  will  be  indicated  by  a  cessation  of  the  growth  of 
the  grass  at  and  bcj'ond  the  point  of  obstruction.  It  is  the  work  of  a  moment  to  uncover  the  drain, 
lift  a  few  pipes,  remove  the  obstruction,  and  relay  them  on  the  permanent  grade  established  by  tlie 
gutter  tiles,  which   themselves  .should  never  be  disturbed. 

The    details    of    the    appliances    used    for    this   system    are    shown     in     the     accompanying    Figs. 
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Fig.  56  shows  the  plan  and  the  vertical  section  of  the  inlet  from  the  house,  the  settling-chamber 
with  its  dividing-wall,  the  overflow  from  the  settling-chamber  into  the  flush-tank,  and  the  flush-tank, 
with   its  siphon    and    outlet,   leading  to  the  irrigation-pipes. 


PLAN. 


SECTION. 


Fig.   57.      Details  of 
Siphon. 


Fig    56      Arrangement  of    Flush-tank  and   Appliances. 

Fig.   57    sliows    the    details   of    the    construction    of    the    siphon,    which    is    made   with   three  castings, 
marked    X,  Y,   Z,  together   with  one  piece  of  six-inch,  one    piece  of  three-inch,    and    one  piece   of    two- 


Fig.  58.     T^o  Forms  of  Absorption-field,  with  Profile  of  Tight  Pipe. 


inch    soil-pipe — the    two-inch    and    si.x-inch    pieces    to  be    made    of    such    lengths    as    the    fall    available 
for   the   flush-tank  requires. 

Fig.   58  shows  two  forms  of  absorption-field — one  for  level  land,  where    the  drains    are   laid  parallel, 

and     one     for    irregular    land,    where    they    are    laid  according    to    the    contours    of    the    surface.     The 
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profile  shows  the  discharge  of  the  flush-tank,  led  in  a  tight  pipe  until  it  comes  near  enough  to  the 
surface  for  the  absorption-drains  to  begin. 

Fig.  59  shows  the  various  details  of  pipes  and  tiles  and  the  manner  of  laying  them  in  the 
ditch. 

The  absorption-drains  should  have    a    fall    of    i    in    600. 

I  introduced  this  system  for  the  disposal  of  the  entire  sewage  of  the  village  of  Lenox,  Mass.,  about 
1876.  It  worked  well  from  the  start,  save  for  one  or  two  cases  of  gross  neglect,  and  has  continued  in 
use  up  to  the  present  time.  During  the  past  three  or  four  years  it  has  been  greatly  overtaxed.  What 
was  intended  for  a  population  of  twelve  hundred  has  been  made  to  serve  the  needs  of  two  or  three 
times  that  population  with  a  greatly  increased  water-supply.  Works  have  recently  been  constructed  to 
carry  a  large  part  of  the  sewage  of  the  village  in  another  direction  for  disposal  by  surface-irrigation, 
but  the  old  field  will  be  retained  permanently  to  serve  the  western  slope  of  the  village.  I  constructed 
the  same  system  for  the  disposal  of  sewage  at  the  Women's  Prison  at  Sherborn,  Mass.,  in  1879.  The 
area  available  was  small,  and  the  soil  was  not  especially  suitable.  But  in  spite  of  this  the  disposal  and 
purification    have  been  effective    and  satisfactory,  at  least  up  to   1887,  since   which     I    have    had  no  in- 
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formation  concerning  it.  The  same  system  constructed  for  the  disposal  of  the  sewage  of  the  hotel 
at  Bryn  Mawr,  Pa.,  was  entirely  successful  from  the  date  of  its  construction  in  1881  until  the  hotel 
was  burned,  five  or  six  years  later.  I  should  not  hesitate  to  adopt  this  system  wherever  needed  for  an 
institution  or  even  a  village  of  considerable  size.  At  the  same  time,  my  confidence  in  the  efificiency 
and  inoffensiveness  of  surface-irrigation  disposal  is  now  so  great  that  I  should  prefer  it  wherever  the 
circumstances  were  suitable. 

In  using  the  sub-surface  system  for  the  sewage  of  any  considerable  number  of  persons,  I  should  be 
disposed  to  increase  the  size  of  the  tiles  considerably.  Thus  far  we  have  confined  ourselves  to  two-inch 
or  two-and-one-half-inch  tiles.  I  see  no  reason  why  even  six-inch  tiles  may  not  be  used,  giving  them 
sufificient  capacity  to  receive  the  entire  contents  of  the  flush-tank,  making  this  large  enough  for 
twenty-four  hours'  use.  and  giving  the  sewage  ample  time  to  escape  through  the  joints  of  the  tile. 


DR.    RICHARDSON   ON   HOUSE-DRAINAGE   IN   LONDON. 


The  house-drainage  of  London  is  thus  described  by  the  distinguished  Dr.  B.  W.  Richardson  in  a 
paper  published  in  "Good  Words"  in  1881.  After  recommending  the  use  of  small  pipes  for  the  drainage 
of  houses,  he  says:  "In  London  houses  this  small-drain  system  is  at  present  in  its  infancy.  The  drains 
that  were  laid  in  the  early,  middle,  and  during   a    part    of   the    last    half    of   the    present    century    were 
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simply  abominable.  A  good  drain  was  thought  to  be  one  in  which  a  perfect  stone  drain,  some 
fifteen  inches  wide  and  from  sixteen  to  eighteen  inches  deep,  was  laid  under  the  floors  of  the  basement. 
In  some  instances  catch-pits  were  connected  with  these  drains,  which  made  matters  so  much  the  worse. 
I  changed  the  drainage  of  a  large  house  that  came  into  my  possession  until  the  end  of  a  lease,  four 
years  ago,  and  when  the  workmen  took  up  the  basement  floor  they  discovered  beneath  the  flags  the 
main  drain,  well  built  as  far  as  building  and  material  were  concerned,  but  of  the  precise  character  I 
have  described  above.  The  drain  extended  from  the  back  kitchen  of  the  house  under  an  open 
space  above,  through  a  servants'  hall,  and  under  the  flags  of  the  passage  or  long  hall,  parallel 
with  a  housekeeper's  room,  into  the  area,  and  so  towards  the  sewer,  which  ran  along  the  street  in 
front  of  the  house.  The  drain  was  simply  filled  from  one  end  to  the  other  with  sewage,  which 
h:id  literally  to  be  dug  out  and  carted  away.  It  had  not  been  opened  for  considerably  more  than 
thirty  years,  and  how  there  had  been  escape  of  sewage  from  it,  it  baffles  one  to  explain.  In  this 
house  there  was  at  all  times,  in  some  parts,  a  sewer  odor,  and  after  rain,  the  rain-water  having  been 
carried  by  the  soil-pipe  into  the  drain,  the  odor  was  often  more  than  distinct.  In  this  house,  while 
grown-up  persons  only  lived  in  it,  the  health  of  the  occupants  was  fairly  good,  and  there  was  no 
outbreak  of  any  disease  of  a  communicable  character.  But  when  it  became  peopled  with  little 
children  it  soon  proved  to  be  so  unhealthy  that  they  had  to  be  removed  from  it.  In  a  few  years  there 
were  twice  or  three  times  attacks  of  diphtheritic  sore  throat,  and  one  beautiful  boy  of  three  years  and 
nine  months  old  died  there  of  diphtheria. 

"At  this  present  moment  this  faulty  system  of  drainage  is  about  the  best  that  exists  in  the 
metropolis  as  a  whole.  There  is  much  that  is  really  worse,  and  in  the  rarest  instances  an}-thing 
that  is  better.  Lord  Spencer,  Sir  Henry  Cole,  and  a  few  more  have  ordered  a  model  system  to 
be  introduced,  and  I  have  in  one  instance  followed  in  a  rather  less  elaborate  form  the  same 
course.  But  vast,  undrained  London  sti  1  remains  an  actual  disgrace  to  a  day  of  enlightenment, 
when  all  that  is  required  to  be  done  in  the  direction  of  perfect  drainage  is  so  well  understood 
and  is  so  easily  carried  out. 

" '  I  see  you  have  not  yet  furnished  your  drawing-room,'  I  said,  not  long  since,  to  a  lady  who 
had  just  taken  a  new  and  large  house. 

" '  No,  doctor,"  she  replied  ;  '  and  we  do  not  intend  to  commence  until  we  can  afford  to 
spend  upon  it  a  thousand  pounds.  Then  we  shall  do  it  in  good,  uniform,  and  truly  elegant 
style.' 

" '  Pray,'  I  replied,  '  don't  be  offended  if  I  beseech  you  to  devote  a  fourth  of  that  sum  to 
the  main  drain,  and  to  a  perfect  method  of  freeing  your  residence  of  any  necessity  for  my  pro- 
fessional presence  to  combat  outbreaks  of  contagious  disease  which  must  occur  as  things  now 
are.' 

"  And  my  friend  laughed,  but  did   not  repress  her  thanks  at  the  same  time. 

"  'At  all  events  it  is  not  selfish  advice,'  she  said ;  '  and  though  it  sounds  very  strange,  I  will 
consider  it.  But  think  what  two  hundred  and  fifty  pounds  would  buy  for  the  drawing-room,  and 
imagine  putting  it  into  a  drain  in  the  basement!  It  is  a  strange  suggestion ;  perhaps  it  is  all  for  the 
best ;   but,   for   my    part,  it  is  the  last  thing  I  should  have  thought  of.' 

"And  that  is  just  the  precise  fact:  people  do  not  think  on  such  subjects.  They  are  subjects 
disagreeable,  if  not  repulsive,  and  the  thought  of  them  is  put  off  from  day  to  day.  I  do  not  care 
to  think  of  them  myself,  and  would  far  rather  be  strolling  round  the  Royal  Academy  or  lounging  on 
the  deck  of  a  yacht  on  the  beautiful  Scottish  lochs,  and  thinking  of  what  enchants  me  there.  But 
some  one  must  think  on  such  matters,  and  some  one  must  make  the  people  think  on  such  matters 
even  as  house-drains,  otherwise  Death  may  make  them  think,  and  he  is  by  no  means  a  pleasant 
rcmonstrancer." 
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SANITARY   CONSIDERATIONS. 

At  the  risk  of  some  repetition,  I  present  herewith  a  paper  on  house-drainage,  written  with  special 
reference   to    the   medical   profession    and    published    in   Pepper's    "  System    of    Practical    Medicine."  * 

For  reasons,  sometimes  sound  and  sometimes  fanciful,  the  drainage  question  often  presents  itself  to 
the  medical  practitioner  as  an  annoying  if  not  a  serious  one.  It  is  not  necessary  for  the  physician 
to  make  himself  an  adept  in  the  art  of  sanitary  drainage,  but  he  can  properly  meet  neither  the 
demands  of  nervous  patients  nor  the  exigencies  of  sometimes  serious  situations  without  having  an 
intelligent  idea  concerning  it.  Not  only  to  prescribe  improvement,  but  frequently  to  allay  ill-grounded 
apprehension,  he  should  be  able  to  address  himself,  intelligently  and  promptly,  at  least  to  the  few 
simple  problems  presented  in  connection  with  ordinary  houses.  I  use  the  expression  "ill-grounded 
apprehension,"  not  because  the  drainage  in  and  about  houses  is  generally  tolerably  good,  for  it  is  not, 
but  because  the  race  seems  to  have  so  inured  itself  to  certain  grave  defects  in  plumbing-work  that 
one  may  reasonably  hesitate  and  look  elsewhere  for  the  occasion  of  diseases  before  accusing  the 
imperfect  sanitary  appliances  of  an  average  house. 

Anything  like  a  treatise  on  the  technical  details  of  house-drainage  would  be  quite  out  of  place 
here.  There  are  note-books  easily  accessible  to  such  physicians  as  care  to  make  a  thorough  study 
of  the  subject.  It  does  seem  worth  while,  however,  to  pass  in  careful  review,  in  a  work  of  this 
character,  the  various  conditions  of  interior  and  exterior  drainage  upon  which  a  physician  is  frequently 
called  to  pass  judgment. 

The  perfect  drainage  of  a  house,  like  the  perfect  drainage  of  a  town,  implies  the  immediate  and 
complete  removal  to  a  point  well  beyond  its  limits  of  all  waste  matters  which  are  a  proper  subject 
of  water-carriage ;  such  a  thorough  ventilation  of  the  channel  which  these  matters  have  traversed  as 
to  reduce  to  a  minimum  the  production  of  deleterious  gases  arising  from  the  decomposition  of  the 
film  with  which  they  may  have  soiled  the  wall  of  their  conduit,  and  adequate  provision  for  the 
absolute. and  permanent  exclusion  from  the  atmosphere  within  the  house  of  the  air  of  the  pipe  or 
sewer.  This  is  a  brief  and  simple  statement  of  the  fundamental  and  absolute  requirements  of  all  good 
drainage.  It  is  founded  on  the  one  grand  object  which  governs  all  improvement  of  this  character: 
the  prevention  of  decomposition  of  refuse  matters  anywhere,  in  house  or  town. 

Practically,  it  is  safe  to  say  that  these  conditions  are  never  complete,  and  that  instances  of 
perfect  work  are  so  exceptional  as  to  need  no  consideration  here.  We  have  to  assume,  substantially 
in  every  case  that  is  presented,  that  we  are  dealing  with  defective  work,  ordinarily  with  wonc  that 
is  very  seriously  defective.  Most  houses  have  been  built  by  contractors,  and  the  plumbing  is  per- 
haps the  item  of  the  whole  structure  that  it  is  considered  easiest  and  safest  to  "scamp,"  or  to  neglect. 
Even  where  the  motive  of  economy  has  had  no  controlling  influence,  the  drainage  has  almost 
invariably  been  planned  by  a  plumber  who  has  learned  his  trade  and  conceived  his  ideas  in  the 
performance  of  work  which  was  done  at  a  time  when  no  one  realized  the  serious  consequei  ces  of  its 
being  improperly  done.  The  absence  of  interior  ventilation,  leaky  joints,  ill-arranged  connections  be- 
tween the  various  plumbing  appliances  and  the  main  outlet  from  the  house,  pipes  and  traps  so  large 
that  an  ordinary  current  is  powerless  to  keep  them  clean,  defects  of  form,  defects  of  material,  and 
defects  of  construction,  are  met  with  on  every  hand.  This  general  statement  is  of  itself  sufficient 
to  show  how  hopeless  it  is  for  the  average  physician  to  prescribe  the  manner  in  which  the  drainage 
of  a  house  should  be  constructed  or  remodelled. 

If  we  view  the  question  solely  with  reference  to  its  bearings  on  the  causation  of  disease,  we  enter 
a  field  where  neither  the  sanitarian  nor  the  physician  is  ever  sure  of  his  footing.  The  precise  relation 
between  bad  drainage  and  ill-health  no  man  knows.  Certain  diseases  are  undoubtedly  traceable  to 
conditions  of  air  or  of  drinking-water  due  to  the  improper  disposal  of  organic  wastes,  but  the  extent 
and  exact  bearing  of  these  influences  are  still  greatly  a  matter  of  conjecture.  It  is,  however,  undoubt- 
edly safe  to  assume — and  the  assumption  is  supported  by  ample  general  observation,  if  not  by  pre- 
cisely ascertained  facts — that,  whether  we  are  considering  serious  diseases  or  the  slighter  ailments,  every 
argument   leads  to  the  enforcement  of  the  most  strenuous  requirements  of  cleanliness.     Through  all  ages 

*  Philadelphia :  Lea  Brothers  &  Co.     1884. 
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no  one  has  disputed  and  no  one  has  improved  upon  the  simple  sanitary  formula,  "  Pure  air,  pure 
water,  and  a  pure  soil  "  We  may  safely  wait  until  the  enthusiastic  investigators  now  engaged  with 
the  subject  shall  have  adduced  the  testimony  of  positive  facts  if  we  will  in  the  meantime  adhere 
strictly  to  the  requirements  of  Hippocrates'  prescription.  The  physician  will  surely  not  go  wrong  if 
he  treats  all  obvious  defects  of  drainage  as  positive  evils,  and  insists  upon  their  complete  reformation. 
Not  to  confine  ourselves  to  houses  which  are  provided  with  the  ordinary  modern  plumbing  works, 
but   to  include   all   collateral  branches  of  the  subject,  we  have  to  consider  the  following  conditions: 

/.    The  Removal  of  Human  Excrement  : 

{a)  By  water-carriage  in    houses  provided   with  modern   plumbing; 
{i>)  By  some  form  of  dry  conservancy ; 

(c)  By  the  fiendish  privy-vault,  which    prevails    so    generally,  save    in    the    larger    cities. 

//.    T/ie  Removal  of  Liquid  Household  Wastes : 

(a)  By  delivery  to    public    sewers  ; 

(d)  By    irrigation  disposal  ; 

(e)  By    delivery    into    cesspools. 

Incidentally  to  the  above  there  must  be  considered  the  influences  of  the  ultimate  disposal  of  all 
household  waste,  whether    by    the    public    sewer   or  the   private    house-drain. 

I.  The  Removal  of  Human  Excrement.— We  are  too  apt  to  judge  of  the  power  for  mischief 
of  any  waste  matter  by  its  original  offensiveness,  and  the  world  at  large  regards  the  solid  and  liquid 
exuviae  of  the  human  body  as  the  most  dangerous  material  with  which  it  has  to  deal.  Doubtless  it 
is  so  under  certain  exceptional  circumstances.  If  impregnated  with  the  infective  principle  of  cholera 
or  of  typhoid  fever,  for  e.xample,  its  influence  for  evil  may  be  widespread  and  active  ;  but  in  the  ab- 
sence of  such  infection  these  substan.ces  offer  a  less  serious  problem,  and,  as  their  offensiveness 
causes  them  to  be  more  carefully  avoided,  their  evil  influence  is  less,  and  is  less  widely  disseminated, 
than  is  that  of  the  comparatively  inoflensive  wastes  of  the  kitchen  sink.  This  is  a  consideration  im- 
portant to  be  borne  in  mind.  Nothing  is  more  common  than  the  expression  of  the  opinion  that 
the  wastes  of  a  population  are  offensive  and  dangerous  in  proportion  to  the  degree  to  which  excre- 
mentitious  matter  is  allowed  to  flow  away  with  its  general  drainage.  The  fact  is,  that  the  drainage 
from  a  house  or  from  a  town,  if  reasonably  diluted  with  water,  is  very  slightly  offensive  until  it  has 
passed  through  a  considerable  degree  of  decomposition.  The  outflow  of  a  perfectly  sewered  town, 
where  the  whole  community  uses  water-closets,  is  less  offensive  than  the  neglected  back-}'ard  drain 
of  an  average  New  England  farm  house.  The  trouble  begins  with  the  condition  of  putridit}'.  Ta-'cal 
matter  and  urine  are  sometimes  quicker  than  the  other  wastes  of  the  house  to  enter  into  putrefac- 
tion, but  the  difference  is  only  one  of  degree,  and  the  latter  rapidly  overtakes  the  former  in  the 
foulness  of  its  condition;  so  that  where  a  house  is  provided  with  two  cesspools,  one  for  water-closet 
matter  and  the  other  for  kitclien  waste,  it  is  quite  impossible  to  determine  from  the  character  of  their 
contents  which  is  which  ;  therefore,  examinations  of  the  drainage  of  a  house  should  by  no  means  be 
confined  to  the  manner  in  which  its  excrementitious  matters  are  disposed  of.  Setting  aside,  in  this 
connection,  the  peculiar  liability  of  these  matters  to  become  the  seat  of  specific  infections,  it  is  fair 
to  assume  that  equally  complete  and  cleanly  arrangements  are  needed  for  all  else  that  flows  to  waste 
as  for  the  discharges  of  the  water-closet.  The  purpose  of  these  remarks  is,  of  cour.se,  not  to  belittle 
the  importance  of  proper  care  in  the  disposal  of  human  excreta,  but  to  prevent  the  giving  of  an 
undue  importance  to  this  branch  of  the  subject,  with  too  light  treatment  of  the  very  serious  difficul- 
ties presented  by  the  others. 

((?)  Modern  conveniences  may  fairly  be  said  to  be  the  bane  of  modern  society,  or  at  least  of  such 
of  its  members  as  have  the  questionable  good  fortune  to  be  housed  within  the  same  four  walls  with 
every  device  that  a  misguided  talent  for  invention  has  led  the  American  mechanic  to  pio\-ide  for  tiic 
comfort  and  convenience  of  the  occupant.  Properly  regul.ited,  there  is  no  element  of  modern  house- 
building more  conducive  to  health  than  such  a  system  of  plumbing  as  brings  within  reasonable  limits 
the   labor  of    supplying    abundant    water    at    every  point   in   the    house,  and   obviates   the    need     for    ex- 
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posure  and  removes  the  temptation  to  neglect  and  postponement  attending  the  use  of  out-of-door 
houses  of  convenience.  The  spigot  and  the  water-closet  are  the  two  essential  sanitary  agents  which 
the  plumber  offers  to  us.  The  bath  may  be  replaced  by  the  sponge,  the  stationary  wash-basin  may 
be,  and  generally  should  be,  replaced  by  the  bowl  and  pitcher  of  our  fathers,  but  there  is  no  sufficient 
substitute  for  an  ample  supply  of  water  on  each  floor  of  the  house  and  for  a  cleanly  water-closet  placed 
within  doors.  The  evil  that  the  plumber  has  inflicted  upon  the  race  is  due  very  largely  to  his  not 
having  held  his  hand  when  he  had  fairly  provided  for  our  reasonable  requirements.  When  he  fills  our 
bed-rooms  with  stationary  basins,  connects  our  refrigerators  with  the  sewer,  provides  twenty  outlets 
for  water  which  had  better  reach  the  drain  through  less  than  half  that  number,  and  incidentally 
underlays  all  our  floors  with  pipes,  every  foot  of  which  is  a  possible  source  of  danger,  he  turns 
what    ought   to    be    a   blessing    into    what    is    too    often    an    unmitigated    curse. 

It  will  not  be  easy  to  convert  persons  who  have  become  accustom.ed  to  the  universal  diffusion 
of  plumbing  works  throughout  the  house  to  a  belief  that  their  best  sanitary  interest,  and,  per- 
haps, hardly  less,  the  best  requirements  of  refinement,  point  to  the  abandonment  of  what  is  practically 
superfluous  in  the  way  of  wash-bowls,  bidets,  foot-baths,  sitz-baths,  urinals,  etc.;  but  one  who  has  given 
careful  attention  to  the  subject  cannot  hesitate  to  recommend  that  in  a  house  which  is  "  strictly  first 
class"  it  would  be  the  part  of  wisdom  to  reduce  by  at  least  three  fourths  the  openings  which 
lead  to  the  soil-pipe  and  drain  and  sewer,  and  to  concentrate  upon  the  remaining  fourth  the  flush- 
ing effect  of  wastes  which  are  now  so  widely  distributed.  Strenuous  effort  is  being  made,  not  only 
by  those  who  write  and  talk  in  the  interest  of  the  plumber  and  manufacturer,  but  by  many  who 
honestly  believe  that  the  good  the  plumber  has  to  give  us  cannot  be  given  with  too  free  a  hand, 
to  prove  that  so  long  as  they  are  properly  constructed  and  properly  arranged  we  may  use  plumb- 
ing appliances  at  every  point  in  the  house  with  the  utmost  freedom  and  with  a  minimum  of  dan- 
ger. The  minimum  of  danger  and  often  more  than  the  minimum  does,  however,  exist.  It  exists, 
perhaps,  in  a  constantly  increasing  degree  with  evcr\-  extension  of  the  work,  and  it  can  only  be 
.  the  part  of  wisdom  to  insist,  so  far  as  advice  can  have  influence,  on  the  reduction  of  all  these  ap- 
pliances to  the  least  requirements  of  reasonable  comfort  and  economy  of  labor.  My  own  advice 
would  be,  in  all  cases,  to  permit  the  use  of  no  wash-bowl  or  bath  or  other  vessel  at  a  greater  dis- 
tance than  a  few  feet  from  a  vertical  soil-pipe,  and  not  to  permit  their  use  in  any  case  in  bed-rooms 
or  in  closets  opening  only  into  bed-rooms. 

At  the  risk  of  seeming  extravagant,  I  would  say  that  the  stationary  wash-bowl,  as  ordinarily  used, 
is  one  of  the  most  uncleanly  of  modern  household  appliances.*  .Long  experience  in  the  inspection 
of  houses  and  in  the  examination  of  waste  and  drain  pipes  has  led  me  to  the  belief  that  servants, 
by  no  means  rarely,  use  these  vessels  as  the  most  convenient  means  of  voiding  and  cleansing 
chamber  utensils.  Their  overflow-pipes  are  coated  with  soap  and  with  the  exuvia:  of  the  skin  to 
a  degree  which  makes  them  usually  the  seat  of  an  offensive  decomposition.  Their  plugs  and  chains 
are  almost  invariably  foul,  and  those  devices  which  provide  for  closing  the  outlets  by  valves  or  plugs, 
somewhat  removed  from  the  strainers  at  the  bottom  of  the  bowl,  bring  the  water  in  which  the  face  is 
washed  into  an  interchanging  communication  with  a  considerable  length  of  foul  and  uncleanable  waste- 
pipe — a  communication  that  is  made  active  by  the  bubbling  of  the  contained  air  as  the  pipe  fills 
with  water.  The  labor  of  filling  pitchers  from  a  spigot  on  the  same  floor  and  the  labor  of 
emptying  chamber-slops  into  a  water-closet  on  the  same  floor  are  not  to  be  considered  as 
compared  with  the  greater  cleanliness  and  the  greater  sanitary  security  that  such  an  arrangement 
insures.  There  is  no  serious  objection  to  the  placing  of  wash-basins  and  baths  in  the  same  apart- 
ment with  the  water-closet,  or  elsewhere  immediately  adjoining  the  soil-pipe  ;  but  it  certainly 
cannot  be  disputed  that  the  extension  of  the  drainage  sj^stem  by  horizontal  lead  pipes  to  remote 
points  is  altogether  and  wholly  to    be  condemned. 

However,  the  question  more  immediately  at  hand  is  that  of  the  disposal  of  human  excreta  by  the 
use  of  water-closets;  and  it  is  the  water-closet  that  first  attracts  the  attention  of  one  who  is  called 
upon  to  examine  the  sanitary  condition  of  the  work.  There  are  several  radical  defects  in  water-closets, 
which  are  so  widespread  and  whicli  have  becfime  so  familiar  to  the  worlil  at  large  as  to  attract 
less  attentiiin  than   they  deserve.      I'"or  exanqile,   it   is    a    radical    defect    of    a    water-closet    to    be    tightly 

*  Since  this  paper  w.is  written  better  forms  of  w^iler-closets  li;ivc  been  quite  gencr.Tlly  introduced  in  tlic  better  class  of  work, 
and   sucli   ni.irlied   iinprovcnicnts  have   liecn   111. ide  in   wasli-buwls  as  to  obviate  the  uncleanness  complained  of. 
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encased  in  carpentry.  Nearly  all  the  water-closets  now  in  use  have  a  somewhat  complicated  mechan- 
ism about  their  bowls.  They  consist  in  part  of  earthenware  and  in  part  of  iron,  generally  with 
an  unstable  connection  between  the  two.  More  often  than  not  they  overflow  or  drip  or  leak,  and 
whatever  may  escape  from  them,  whether  foul  air  or  foul  water,  is  confined  within  an  unventilated 
space,  but  a  space  which  is  still  not  absolutely  excluded  from  the  atmosphere  of  the  house.  The 
removal  of  the  "riser"  or  vertical  board  under  the  front  of  the  seat  will  usually  disclose  at  once 
a  condition  that  suggests  at  least  the  need  for  thorough  ventilation.  It  also  discloses  in  some 
cases  a  complication  of  machinery  and  pipes  and  levers  and  chains,  which  makes  a  thorough  dusting 
and  cleaning  of  the  space  diiificult,  even  were  it  accessible.  There  are  water-closets,  which  are 
essentially  good  in  their  construction  and  working,  which  it  is  important  to  protect  by  a  "  riser,"  but 
this  "riser"  should  never  be  of  close  work.  It  should  at  least  be  freely  perforated  with  large  holes, 
or,  better  still,  be  made  with  slats  or  blinds,  so  that  there  ma}'  be  the  freest  possible  circulation  of 
air  under  the  seat.  If  there  is  an  entire  absence  of  machinery,  so  that  the  whole  space  may  be 
left  open,  being  well  finisiied  with  tiles  or  hard  wood  or  other  suitable  material,  it  is  better  that  it 
should  be  unenclosed  and  that  the  seat  should  be  hung  on  hinges,  so  that  it  may  be  turned  back, 
exposing  the  whole  space  to  easy  cleansing.  It  is  better,  too,  in  all  cases,  that  the  ventilation  should 
not  even  be  interfered  with  by  a  cover  over  the  seat,  the  freest  possible  exposure  to  the  air  being  of 
great  importance. 

A  very  large  majority  of  the  water-closets  in  use  throughout  the  world  are  either  very  imperfectly 
flushed  "  hoppers,"  which  are  generally  foul  and  which  are  often  defective  in  their  traps,  or  that  worst 
of  all  forms,  known  as  the  "  pan  "  closet,  where  a  slight  depth  of  water  is  held  in  the  bowl  b}'  a  hinged 
pan  closing  over  its  outlet.  Tliis  pan  swings  in  an  iron  chamber  under  the  bowl,  which  is  entirely  cut 
off  from  ventilation,  which  is  generally  foul  with  adhering  faecal  matter,  and  which  as  an  abomination 
has  no  equal  in  the  whole  range  of  plumbing  appliances.  The  closet  of  which  it  forms  a  part  has 
everything  to  condemn  it,  and  only  its  cheapness  and  its  apparent  cleanliness,  and  the  habit  of  the 
world  in  its  use,  to  commend  it.  If  flushed,  as  it  usually  is,  by  a  valve  on  the  supply-pipe,  it  is  rarely 
flushed  adequate!}',  and  its  use  not  seldom  leads  to  an  indraft  of  foul  air  (or  worse)  into  the  main 
water-supply  system  of  the  house.  Such  closets  may  be  easily  inspected  as  to  their  condition  by 
shutting  off  the  water-supply,  opening  the  pan,  and  lowering  a  candle  into  the  container  below. 
Such  an  inspection  will  ahnost  invariably  disclose  an  extremely  and  dangerously  filth}'  condition.  Yet 
the  worst  part  of  the  container,  that  which  never  receives  an  adequate  flush,  is  even  then  concealed 
from  view  by  the  pan  being  thrown  back  against  it.  The  nose  will  here  be  a  good  adjunct  to  the  eye, 
and  the  odor  escaping  from  this  interior  chamber  will  generall}-  afford  convincing  testimon}-  of  the  im- 
propriety  of  allowing  such  a  vessel  to   remain  in   use. 

It  is  a  rule  almost  without  exception  that  closets,  except  perhaps  on  the  first  floor  of  the  house, 
which  are  flushed  by  valves  connected  with  the  bowls,  are  to  be  condemned.  However  good  or  however 
bad  the  state  of  a  closet  thus  supplied  with  water,  its  condition  will  always  be  improved  by  giving  it  a 
copious  flush  from  an  elevated  cistern  delivering  never  less  than  two  and  a  half  gallons  of  water  at  each 
use,  and  delivering  it  through  a  pipe  so  large  and  so  direct  as  to  secure  a  thorough  cleansing  at  every 
discharge. 

It  would  be  out  of  place  here  to  enter  into  a  detailed  description  of  the  various  closets  which  are 
and  which  are  not  to  be  recommended  for  use.  So  far  as  the  ph}-sician's  inspection  is  concerned,  it  is 
perhaps  sufificient  to  say  that  wherever  an  odor,  however  slight,  can  be  perceived,  and  wherever  a  foul- 
ing of  the  interior  surfaces  of  the  closets  or  of  the  spaces  under  the  seat  can  be  detected  b}'  the  e}'e, 
radical  reformation  is  necessary.  The  onl}'  safet}-  with  a  water-closet,  as  with  any  other  vessel  connected 
with  the  drainage  of  the  house,  is  to  secure  an  immediate  and  complete  washing  away  of  all  foul 
matter  of  every  kind.  Where  this  result  is  not  attained,  it  should  be  insisted  upon.  This  much  lies 
within  the  province  of  the  medical  attendant  ;  the  manner  in  which  it  shall  be  secured  is  not  necessar- 
ily for  him   to  decide. 

One  other  branch  of  this  subject  is  worth}-  of  attention.  The  cleanliness  and  freedom  from  offence 
of  the  water-closet  or  of  a  waste-pipe  or  drain  is  in  proportion  to  the  frequency  with  which  it  is  used 
and  to  the  abundance  of  the  discharge  of  water  through  it.  A  dozen  closets  used  b}-  a  tlozen  persons 
will  be  quite  likely  all  to  be  offensive.  If  the  dozen  persons  all  used  only  one  closet— not  a  pan- 
closet — the    frequency    with     which     its    trapping-water  is   removed    and    the    frequency    with  which    its 
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walls  are  washed  would  secure  its  tolerable  condition,  even  if  not  of  the  best  construction.  In  this 
case,   as  in   all   others,  simplicity   should   be  the   controlling  principle. 

(/;)  Dry  conservancy  next  after  water-carriage  is  the  best  and  safest  system  for  the  removal  of 
human  excreta.  By  dry  conservancy  is  meant  the  admixture  of  dry  earth,  ashes,  or  similar  material 
with  the  matters  to  be  disinfected  and  absorbed.  Theoretically,  the  effect  of  such  admixture  is  en- 
tirely satisfactory  ;  under  very  careful  and  intelligent  regulation  it  is  practically  so.  It  has  been  proved, 
however,  by  much  experience  that  under  ordinary  circumstances  — that  is,  where  no  greater  care  is 
given  than  is  ordinarily  given  to  a  water-closet  or  to  a  common  privy — the  dry-conservancy  system  is 
open  to  serious  objections,  though  always  an  improvement  on  the  cruder  privy-vault.  The  theory  of 
the  effect  of  a  sufficient  admixture  of  earth  or  ashes  with  urine  and  fscal  matter  is,  that  by  the  ad- 
mission of  air  thus  secured  to  every  part  of  the  material  there  is  a  complete  oxidation  of  their  or- 
ganic constituents,  similar  to,  though  slower  in  its  operation  than,  actual  combustion  in  an  active  fire. 
In  isolated  houses  and  in  hospitals,  factories,  and  other  buildings  not  provided  with  sewage  facilities 
there  is  no  question  that  the  earth-closet  or  the  ash-closet  affords  the  best  available  means  for  dis- 
posal, if  we  except  a  system,  to  be  described  hereafter,  for  the  distribution  of  water-carried  wastes 
over  or  under  the  surface  of  suitable  ground.  Incidentally,  and  this  is  of  special  interest  to  the  phy- 
sician, the  use  of  dry  earth  or  of  dry  ashes  in  the  close-stool  of  the  sick  chamber  effects  not  only 
an  immediate  and  complete  deodorization,  but  without  doubt  a  complete  disinfection  as  well.  A 
quart  of  dry  earth  at  the  bottom  of  the  vessel  to  receive  the  deposits,  and  rather  more  than  a  quart 
with  which  immediately  to  cover  them,  constitutes  a  means  of  relief  always  available  and  always  effi- 
cient. 

When  the  house  is  provided  only  with  an  old  fashioned  out-of-door  privy,  the  greatest  lelief 
and  the  most  complete  security  may  be  given  at  little  cost  by  filling  the  vault,  and  placing  under 
the  seat  a  movable  box  to  receive  the  mixture  of  faecal  matter  and  of  the  absorbent  material,  which, 
if  it  is  desired  to  avoid  the  simple  patented  appliances  made  for  the  purpose,  may  be  kept  in  a 
box  or  barrel  in  the  apartment  and  thrown  down  after  each  use  of  the  closet  with  a  hand-scoop. 
The  objections  to  the  common  privy  are  so  obvious,  so  universal,  and  so  well  understood  that  the 
practical  value  of  such  a  means  of  relief  should  be  appreciated  without  argument. 

{c)  Privy  vaults  are  the  sole  reliance  for  the  disposal  of  faecal  matter,  and  often  of  chamber-slops, 
of  probably  ninety-five  per  cent,  of  the  population  of  this  country,  and  of  Europe  as  well.  It  is  curious, 
in  examining  the  recommendations  of  public  health  officers  and  the  requirements  of  local  boards  of 
health,  to  observe  the  uniformity  with  which  this  most  important  subject  is  passed  over,  with  the 
prescription  that  the  vault  shall  be  tight,  sometimes  that  it  shall  be  vaulted  over,  and  sometimes 
that  it  shall  not  be  within  a  certain  small  number  of  feet  of  a  boundary  line  or  of  a  drinki-ig-water 
well.  These  prescriptions  are  most  absurd.  It  is  safe  to  say  that,  of  the  millions  of  privy-vaults  in 
this  country,  not  more  than  hundreds  are  really  tight ;  that  a  still  smaller  number  are  so  vaulted  over 
as  to  prevent  the  free  exhalation  of  the  gases  of  decomposition ;  that  those  which  are  so  vaulted 
over  are  in  all  respects  of  worse  sanitary  effect  than  those  which  have  freer  communication  with  the 
air,  and  that  their  possibilities  of  evil  reach  many  times  farther  than  the  limits  of  distance  usually 
required  to  intervene  between  them  and  the  well  or  the  neighboring  property.  In  view  of  the  uni- 
versality of  their  use  and  of  the  completeness  with  which  modern  communities  are  inured  to  their 
presence,  it  seems  almost  hopeless  to  attempt  to  secure  a  proper  realization  of  their  great  defects. 
They  are  always  the  seat  of  the  foulest,  and  even  of  the  most  dangerous,  decomposition  They 
taint  not  only  the  air  and  the  soil,  but  the  water  of  the  soil  which  goes  so  often  to  feed  our 
sources  of  drinking-water,  and  their  local  stench  is  of  itself  sufficient  to  sicken  all  who  have  not  by 
daily  and  lifelong  habit  become  accustomed  to  it.  Taking  the  country  at  large — farm-houses  and  vil- 
lage houses,  as  well  as  the  dwellings  of  cities— it  is  not  too  much  to  say  that  the  best  sanitary 
service  that  can  be  rendered  by  those  interested  in  the  removal  of  causes  of  ill-health  would  be  in 
securing  the  abcslition  of  these  barbarous  domestic  appliances  In  many  ways  the  cesspool  is  as  bad 
as  the  vault,  but  in  some  respects  the  vault  is  facile  priuccps  as  a  public  and  private  nuisance  of  the 
most  annnj'ing  and  dangerous  character.  Wherever  a  public  or  private  sewer  is  available,  wherever 
disposal  by  irrigation  is  possible,  and  wherever  even  the  crudest  attention  can  be  secured  for  an 
automatic  or  simpler  earth-closet,  the  strongest  effort  should  be  directed  to  the  absolute  inhibition 
of  the  common  privy-vault. 
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II.  The  Removal  of  Liquid  House-Wastes.— As  has  been  stated  above,  the  liquid  household 
wastes  are  of  much  more  serious  consequence  from  a  sanitary  point  of  view,  as  compared  with  ex 
crementitious  matters,  than  tlie  public  has  been  wont  to  suppose.  These,  owing  to  the  large  amount 
of  water  which  they  contain,  are  beyond  the  reach  of  any  system  of  dry  conservanc}'.  The)-  consist 
almost  invariably  of  a  flood  of  water  containing  but  a  small  percentage  of  refuse  food,  urine,  soap, 
filth  of  the  laundry,  grease — everything,  in  fact,  except  faecal  matter  and  the  coarser  garbage  and  ashes — 
constituting  the  waste  of  the  household.  Where  water-closets  are  used  faecal  matter  is  generally 
added  to  the  flow,  but  its  relative  quantity  is  small,  and  its  presence  or  absence  does  not  seriousl}' 
affect  the  problem  of  disposal. 

In  a  house  provided  with  abundant,  generally  superabundant,  plumbing  appliances,  with  a  large 
consumption  of  water,  the  whole  apparatus  is  constructed  on  the  theory  that  all  manner  of  filth  is 
to  be  taken  up  by  running  water  and  carried  well  without  the  house.  Where  this  theoretical  end  is 
completely  attained  there  e.xists  a  condition  of  drainage  rarely  met  with  and  little  to  be  criticised. 
Unfortunately,  the  theoretical  excellence  is  rarely  secured.  Running  water  confined  within  a  narrow 
channel,  and  so  compelled  to  move  with  force  sufficient  to  give  an  energetic  scouring  to  the  walls  of 
its  conduit,  may  be  trusted  to  carry  with  it  or  to  drive  before  it  pretty  nearly  all  foreign  matter 
that  may  have  been  contributed  to  it,  but  the  moment  this  vigorous  current  is  checked,  that  moment 
the    tendency   to   excessive    deposit    begins.     It    is    checked    in    practice    in    various    ways: 

1st.  V>Y  too  great  a  diameter  of  the  pipe — a  volume  of  discharge  requiring  a  velocity  of  four  feet 
per  second  in  a  pipe  one  inch  in  diameter  would  have  a  velocity  of  only  one  foot  per  second  in  a 
channel  two  inches  in  diameter,  and  of  less  than  six-tenths  of  an  inch  per  second  in  a  channel  three 
inches  in  diameter.  Ordinarily,  except  as  the  deposits  are  removed  by  decomposition  (always  objec- 
tionable), the  deposited  matters  accumulate  and  reduce  the  original  bore  to  the  diameter  which  will 
secure  a  cleansing  flow.  It  is  the  part  of  wisdom  to  provide  only  this  bore  at  the  outset  or  not 
greatly  to  exceed  it,  and  it  is  one  of  the  earliest  recommendations  of  an  experienced  sanitary  en- 
gineer to   reduce    the    size    of    too    large    bores    where    they    exist. 

2d.  By  the  use  of  traps  larger  than  the  pipes  leading  to  them  and  from  them,  thus  increasing 
the  natural  tendency  of  all    traps   to  stagnation   and  deposit. 

3d.  By  the  use  of  vertical  waste-pipes,  which  are  almost  universal  and  which  are  very  often 
necessary.  The  velocity  of  a  current  measured  along  the  axis  of  the  pipe  is  less  if  the  direction  is 
vertical  than  if  it  is  laid  on  a  steep  slope,  because  of  the  tendency  of  liquids  flowing  through  vertical 
pipes,  which  they  do  not  fill,  to  adhere  to  the  walls  and  to  travel  with  a  rotary  movement.  I  have 
seen  vertical  soil-pipes  furred  with  excrement  of  a  thickness  of  nearly  three-eighths  of  an  inch  ;  I  have 
never  seen  a  corresponding  deposit  in  a  pipe  of  good  slope  where  the  current  was  direct.  This  latter 
point  is  rather  one  of  curious  interest  than  of  practical  value,  certainly  from  the  physician's  point  of 
view.  Even  in  original  construction  it  is  r.irely  possible  to  give  soil-pipes  other  than  a  practically 
vertical  course  as  they  pass  from  one  story  to  the  next.  Indeed,  the  physician  need  not  trouble  him- 
self to  consider  the  question  of  the  size  or  of  the  direction  of  this  main  channel.  He  will  often  find 
occasion  to  criticise  the  use  of  unduly  large  waste-pipes  from  single  vessels ;  as,  for  example,  two- 
inch  pipes  leading  from  bath-tubs  ;  two-and-a-half-inch  pipes  leading  from  laundry  tubs  ;  and  three-inch 
pipes  leading  from  kitchen  sinks.  Where  reconstruction  is  to  be  undertaken,  he  may  with  advantage 
e.xert  himself  to  secure  in  these  lateral  waste-pipes  a  diameter  never  exceeding  one  and  a  half  inches, 
and  from  kitchen  and  pantry  sinks,  whose  outflow  is  loaded  with  grease,  preferably  not  e.xceeding  the 
diam.eter  of  one  and  a  half  inches,  with  traps  of  even  a  little  less  size.  Where  several  vessels  lead 
into  the  waste-pipe  these  small  diameters  may  increase  the  tendency  to  the  emptying  of  the  traps  by 
siphonage,  but  if  proper  mechanical  traps  are  used  for  baths,  wash- bowls,  and  laundr)--tubs,  and  if 
ample  flushing  appliances  are  connected  with  the  kitchen  and  pantry  sinks,  the  temporary  removal  of 
the  trapping-water  by  siphonage  may  generally  be  disregarded.  It  will  seldom  happen  that  the  re- 
moval of  water  will  be  so  complete  as  to  prevent  the  satisfactory  closing  of  the  mechanical  valve  by 
capillarity,  even  if  it   fails,   in  itself,  to  make   a  perfectly  tight  fit. 

A  favorite  recent  requirement  of  theoretical  sanitarians,  and  one  which  has,  perhaps  for  business 
reasons,  been  eagerly  accepted  by  the  plumbing  trade,  is  what  is  called  the  "  back  "  ventilation  of 
traps  ;  that  is,  the  carrying  of  a  vent-pipe  from  every  trap  in  the  house  to  a  point  above  the  roof.  In 
my  judgment   there  is   more  to   condemn  than    there  is   to  commend  in  this  practice,   for    I  believe  that 
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the  more  rapid  emptying  of  traps  by  evaporation  where  they  are  not  constantly  supplied  by  frequent 
use,  the  dangers  of  accident  to  lead  pipe  which  is  generally  used  for  ventilating  purposes,  and  a  mis- 
application of  a  large  outlay  which  might  better  be  applied  'in  other  directions  constitute  convincing 
arguments  against  this  favorite  new  method  of  preserving  the  integrity  of  the  water-seal.  There  are  a 
number  of  traps  which  are  closed  by  floating  balls,  or  b}'  balls  bearing  upon  the  outlet,  which  seem 
to  be  quite  satisfactory  and  efificient.  The  worst  waste-pipes,  by  far,  are  those  of  kitchen  and  pantry 
inks,  which  pass  a  large  amount  of  hot  grease.  This  soon  cools  sufficiently  to  congeal,  and  it  at- 
taches itself  to  the  walls  of  the  pipe,  where  it  does  congeal,  until  the  bore  is  reduced  to  what  is  barely 
sufficient    to    furnish   the  necessary    limited    water-way.  Grease-traps  of    various    forms    have    been  in- 

vented with  a  view  to  retaining  this  obstructing  material.  After  much  experience  with  all  of  tliem  that 
have  been  in  general  use,  I  have  become  convinced  that  the  only  satisfactory  way  to  avoid  the  diffi- 
culty in  question  is  to  retain  the  outflow  of  the  sink  until  a  certain  considerable  quantity  has  accumu- 
lated, and  until  its  grease  has  entirely  congealed,  then  to  discharge  the  whole  volume  rapidly  through 
a  pipe  of  small  calibre.  This  may  be  done  with  Carson's  grease-trap  by  throwing  in  a  pail  of  water 
to  start  a  siphon  action  when  the  vessel  has  become  filled  to  its  overflow  point.  It  is  more  simply 
accomplished  by  a  device  of  my  own,  wherein  the  whole  outflow  is  retained  by  a  plug  at  the  bottom 
of  a  large  vessel,  working  after  the  manner  of  the  plug  of  a  wash-basin,  until  it  is  filled  to  the  level  of 
the  sink,   and    then   opening  the  outlet   for  its  sudden  discharge. 

Good  workmanship  is  as  important  as,  if  not  indeed  more  important  than,  good  arrangement.  It 
seems  a  very  simple  proposition  to  say  that  all  waste-pipes  whose  office  it  is  to  carry  foul  liquids  out 
of  the  house  should  be  made  tight  in  materiid  and  in  joint.  It  is  a  remarkable  fact,  however,  that 
leaky  joints  in  soil-pipes  and  in  drains  are  by  no  means  rare.  Probably  there  are  few  houses,  very  few, 
in  which  they  do  not  occur.  The  soil-pipe  is  put  together  by  inserting  the  small  end  of  each  section 
into  the  bell  at  the  top  of  the  section  below  it,  practically  like  putting  the  outlet  of  one  funnel  into 
the  larger  upper  portion  of  the  other.  There  may  be  abundant  space  for  leakage  at  every  joint  from 
the  top  to  the  bottom  of  the  house  without  there  being  the  least  show  of  the  leakage  of  water.  The 
foul  air  within  the  pipe  may  escape  freely  through  a  dozen  openings,  while  the  heavier  liquid  flow  takes 
its  easiest  and  most  direct  course  downward  from  the  point  of  one  pipe  through  the  bell  of  the  one 
below.  When  we  come  to  the  horizontal  run  of  the  soil  pipe  in  the  basement,  if  an  imperfection  of 
the  joint  occurs  on  the  lower  side,  there  is  an  obvious  drip  which  continues  at  least  until  closed  by 
rust.  Similar  imperfections  in  other  parts  of  the  joint  v/ould  not  be  so  manifested.  It  has  recently 
been  demonstrated  that  there  is  no  safety  in  the  construction  of  soil-pipes  short  of  that  absolute  as- 
surance which  can  be  secured  only  by  an  efficient  test.  Plugging  all  the  outlets  of  the  soil-pipe  and 
filling  it   with   water,  the  slightest  leak   will   be  exposed. 

However  defective  may  be  the  condition  of  an  iron  soil-pipe,  vertical  or  horizontal,  it  is  perfec- 
tion itself  compared  with  the  usual  state  of  a  drain  laid  under  the  cellar  floor;  and  here  is  a  point 
where  the  least  experienced  inspector  of  house-drainage  cannot  be  mistaken.  Under  all  circumstances, 
at  least  in  all  work  hitherto  executed,  he  should  demand  as  absolutely  necessary  that  the  drains  under 
the  cellar  floor  be  removed,  that  the  earth  which  has  been  fouled  by  the  leakage  of  its  joints  and  its 
breaks  shall  be  taken  out  to  the  clean,  untainted  soil  below,  and  refilled  with  well-rammed,  pure  earth 
or  with  concrete,  the  drainage  being  carried  through  a  properly  jointed  iron  pipe  abo\'c  the  pavement, 
and  preferably  with  a  fall  from  the  ceiling  of  the  cellar  to  near  the  floor  at  the  point  of  outlet— in  full 
sight  for  the  whole  distance.  It  sometimes  happens  that  the  necessity  for  using  laundr)'-tubs  or  other 
vessels  in  the  cellar  makes  the  retention  of  an  under-ground  course  imperative.  When  retained, 
the  drain  should  be  of  heavy  cast-iron  with  most  securely  leaded  joints  tested  under  a  head  of  several 
feet.  When  found  to  be  tight  and  secure,  it  should  not  be,  as  ordinarily  recommended,  left  in  an 
open  channel  covered  with  boards  or  flags  and  surrounded  by  a  vermin-breeding,  unventilated,  and 
uninspected  space,  but  closely  and  completely  embedded  in  the  best  hydraulic  cement  mortar.  Its 
careful  testing  before  this  enclosure  is,  of  course,  the  only  condition  under  which  the  work  can  be  per- 
mitted. 

Tightness  of  all  waste-pipes  being  secured,  the  next  point  in  order  is  their  proper  ventilation. 
A  good  deal  has  been  said  and  little  has  been  proved  about  the  different  effects  on  the  human  sys- 
tem of  the  gases  of  dccom[)osition  which  have  been  produced  in  the  absence  of  a  sufficient  circulation 
of  air  and  those   produced  where   the    ventilation    and   dilution   are  more  complete.     The  probabilities  of 
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the  case  are,  of  course,  entirely  in  favor  of  the  latter  condition,  and  it  is  accepted  by  all  sanitarians  as 
an  axiom  that  all  water-ways  and  all  vessels  in  which  organic  decomposition,  even  the  decomposition 
of  adhering  slime,  takes  p'ace  should  be  ventilated  as  thoroughly  as  possible.  Until  about  1875 
nearly  all  waste-pipes  were  tightly  closed  at  the  top,  and  were  shut  from  the  sewer  b\'  a  trap  at 
the  foot,  allowing  absolutely  no  communication  between  the  outer  air  and  the  atmosphere  of  the  pipe, 
except  as  fresh  air  might  be  carried  in  through  the  water-seals  of  the  traps  at  each  use.  At  about 
that  time  it  was  becoming  the  general  custom,  in  the  better  class  of  work,  to  carry  a  small  vent-pipe, 
often  only  one  inch  in  diameter,  rarely  more  than  two  inches  in  diameter,  through  the  roof  of  the 
house,  closing  it  at  the  top  and  perforating  it  with  a'  few  inefficient"  holes.  This  has  undoubtedly  the 
effect  of  relieving  the  pressure  on  the  atmosphere  of  the  pipe  caused  by  the  filling  of  unventilated 
sewers  with  tide-water  or  storm-water,  or  by  a  sudden  increase  of  temperature  from  the  admission  of 
hot  water.  Later  it  was  accepted  as  a  universal  rule,  and  it  became  a  quite  general  practice,  to  carry 
the  soil-pipe  above  the  roof  with  its  full  diameter,  providing  its  summit  with  some  form  of  ventilat- 
ing cowl.  All  this  constituted  not  ventilation  but  venting.  Real  ventilation  was  introduced  only 
with  the  very  recent  improvement  of  admitting  fresh  air  at  the  foot  of  the  soil-pipe,  so  as  to  make 
a  complete  circulation  from  one  end  to  the  other — a  circulation  sufficient  to  produce,  by  the  diffusion 
of  gases,  a  very  fair  ventilation  of  lateral  waste-pipes  of  moderate  length.  It  is  now  coming  to  be 
understood  that  ventilating  cowls,  of  whatever  form,  are  an  obstruction  to  the  movement  of  air  in  the 
absence  of  wind,  and  that,  as  what  is  needed  is  never  a  vigorous  current  but  alwa\-s  a  living  one, 
these  cowls  had  better  be  dispensed  with.  We  have  learned,  too,  that  the  most  efficient  means  of 
increasing  the  flow  of  air  through  a  pipe  is  to  increase  its  diameter  at  the  top,  enlarging  the  highest 
length  of  a  four-inch  pipe,  for  example,  to  a  diameter  of  six  inches.  With  this  arrangement,  and  with 
a  foot  ventilation  four  inches  in  diameter  opening  at  a  point  where  it  can  never  be  obstructed  by 
rubbish  or  by  snow,  there  will  be  secured  a  condition  perhaps  more  efficient  in  improving  the  condi- 
tion of    an    imperfectly    drained    house   than   any   other    one    thing  that  ma)'  be  done. 

I  have  sketched  above,  in  a  very  hurried  manner,  the  main  cuitline  of  a  system  of  house-drainage 
which  may  be  accepted  or  which  may  be  recommended  by  a  ph)sician  with  confidence  of  securing 
a  good  result.  To  go  more  into  detail  in  technical  matters  would  be  out  of  place  in  a  paper  of  this 
character.  Before  leaving  this  subject,  however,  it  is  important  to  call  attention  to  the  fact  that  \\hat 
is  recognized  in  our  houses  as  sewer-gas  is  in  a  far  greater  degree  the  product  of  decomposition 
taking  place  within  the  house-drains  themselves  than  the  product  of  decomposition  in  the  distant  sewer 
forced  into  the  house  through  its  connecting  drain.  It  is  emphatically  a  case  of  the  beam  in  our  own 
eye  as  compared  with  the  mote  in  the  eye  of  our  neighbor.  It  is  a  rule  which  has  exceptions,  but 
they  are  few,  that  the  contained  air  of  the  house-pipes  is  far  worse  than  the  contained  air  of  the 
sewer  ;  and  the  conviction  is  growing  that  the  use  of  a  trap  to  the  main  drain  between  the  house  and  the 
public  sewer  is  more  often  objectionable  than  advantageous.  Wherever  the  abandonment  of  the  trap 
is  anything  like  universal,  the  considerable  ventilation  of  the  sewer  thereby  secured  brings  its  atmos- 
phere to  a  condition  which  makes  it  not  objectionable,  and  generally  useful,  as  a  source  of  movement 
in    the   air    of  the    interior  drain    and    soil-pipe. 

\a)  Public  sewers  are  more  or  less  good  or  bad  entirely  according  to  their  character  and  condition. 
As  a  rule  a  w.  11-flushed  sewer  w hich  is  used  for  no  other  purpose  than  the  removal  of  foul  waste, 
built  on  what  is  called  the  separate  system,  and  automatically  flushed  at  least  dail)',  ma}-  be  considered 
to  be,  if  well  laid  and  tightly  jointed,  absolutely  safe.  A  public  sewer  of  large  size  and  irregular 
construction,  receiving  not  only  household-wastes  but  the  wash  of  streets  as  well,  may  be  regarded 
at  least  as  an  object  of  grave  suspicion.  These  general  statements  may  be  so  far  qualified  by  the 
character  of  the  sewers  of  each  class  as  to  run  very  nearly  together;  that  is  to  say,  separate  sewers, 
,with  leaky  joints,  irregular  grades,  defective  alignment,  insufficient  flushing,  and  inadequate  restriction 
as  to  the  matters  they  are  to  receive,  will  be  an  intolerable  and  dangerous  nuisance;  a  large  brick 
^ewer  built  in  the  best  manner  and  of  the  best  material,  \\ith  sufficient  fall  and  sufficient  supply  to 
maintain  itself  in  a  cleanly  condition,  is  free  from  the  serious  drawbacks  which  usually  attach  to  sewers 
of  this  class. 

With  sewerage  as  with  house-drainage,  it  is  not  worth  while  to  attempt  here  to  give  anything 
like  detailed  directions  for  inspection  and  for  reformation.  It  will  suffice  to  call  attention  to  this  one  broad 
and  general  rule :   Every  sewer  or  drain  having  for  its  object  the  removal  of  putrescible  organic  matters 
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must  be  so  arranged  as  to  maintain  itself  in  a  condition  of  practically  absolute  cleanliness  without, 
as  in  the  case  of  storm-water  sewers,  waiting  for  the  flushing  effects  of  storms,  which  often  come 
only  at  long  intervals,  during  which  the  worst  condition  of  decomposition  may  be  established. 
Whetiier  the  sewer  be  iutentled  for  drainage  onlj'  or  for  both  drainage  and  storm-water,  if  it 
contains  at  any  time  deposits  of  any  kind  it  is  defective — more  or  less  so,  of  course,  according  to  the 
extent  and  duration  of  the  accumulation. 

Although  it  should  be  rigidly  insisted  upon  in  every  case  that  the  sewer  should  maintain  itself 
free  from  deposits,  there  will  still  be,  unavoidably,  a  certain  amount  of  foul  gas  produced  by  the 
decomposition  of  the  matters  coating  its  walls, '  and  in  order  to  dilute  and  remove  this,  and  perhaps 
in  order  to  modify  their  original   character,  the  most  thorough  ventilation  is  necessary. 

Any  sewer  or  other  drain  which  at  any  time  gives  forth  the  odor  of  putrid  decomposition  is  in 
bad  condition  and  should  be  at  once  rendered  inoffensive.  So  far  as  I  know  there  is  no  ex- 
ception to  this  rule.  I  have  met  no  conditions  in  towns  of  an)'  size  where  absolute  self-cleansing 
may  not  be  secured.  It  is  worth  while,  however,  to  repeat  here  the  statement  made  above,  that 
sewer-gas,  in  so  far  as  it  is  a  serious  factor  in  connection  with  the  drainage  of  houses,  is  the  product 
of   the   interior   pipes  of  the   house  much   more   frequently  than   of  the  public  sewer  in  the  street. 

(/;)  The  disposal  of  liquid  wastes  by  irrigation,  so  far  as  this  method  is  applied  to  the  outflow 
of  public  sewers,  is  not  of  especial  interest  here,  but  an  important  modification  has  been  made  of 
the  system  of  irrigation  which  is  of  the  greatest  consequence  in  considering  the  sanitary  improvement 
of  isolated  country  houses,  of  hospitals,  prisons,  etc.,  and  of  houses  in  towns  about  which  there  is  a 
small  amount  of  available  land.  The  process  which  has  been  found  best  suited  to  the  purpose  is  the 
invention  of  the  Rev.  Henry  Moule,  the  inventor  of  the  earth-closet.  He  found  it  a  serious  draw- 
back to  the  dry-ear  h  system  that  it  was  incapable  of  taking  care  of  the  liquid  wastes  of  the  house. 
He  devised  a  method  of  conducting  the  liquid  into  very  shallow  drains  made  with  open-jointed 
agricultural  drain-tiles,  so  porous  in  their  character  as  to  allow  the  liquid  carried  by  them  to  escape 
at  the  joints  into  the  soil,  and  thus  get  the  benefit  of  its  purifying  qualities  without  the  unsightly  and 
often  offensive  process  of  allowing  the  liquid  to  flow  over  the  surface.  The  first  use  made  of  this 
system  was  about  1866.  Since  that  time  its  use  has  extended  very  considerably  both  here  and  in 
England,  and  many  improvements  have  been  made  in  its  details,  so  that  it  may  now  be  accepted  as 
entirely  satisfactory. 

The  process  in  its  best  development,  as  applied  to  the  drainage  of  single  houses,  may  be  thus 
described,  many  of  the  appliances  used  being  the  subject  of  patents:  The  outflow  from  the  house 
is  delivered  into  a  settling-basin  or  grease-trap  of  sufficient  size  to  still  the  flow,  to  cause  solids  to 
settle  to  the  bottom  and  grease  and  other  light  matters  to  float  at  the  top.  The  outlet  from  this 
basin  is  through  a  pipe  having  its  inlet  at  some  distance  below  its  overflow  point;  that  is,  at  the  level 
of  the  comparatively  clarified  liquid,  below  the  grease  and  above  the  sediment.  The  outflow  passes 
into  another  vessel  known  as  the  flush-tank,  where  it  accumulates  until  it  reaches  the  summit  of  a 
self-acting  siphon.  This  height  being  reached,  any  considerable  addition  to  the  flow  sets  the  siphon  in 
action,  and  the  whole  contents  of  the  flush-tank  are  discharged  v/ith  rapidity  into  the  drain  beyond. 
The  discharge  completed,  air  is  automatically  admitted  to  the  siphon,  and  no  further  flow  can  take 
place  until  the  flush-tank  has  again  been  filled.  The  drain,  of  iron  or  vitrified  pipes  tightly  jointed, 
is  continued  to  the  edge  of  the  ground  prepared  for  purification.  It  here  delivers  into  a  series  of 
open-jointed  agricultural  tiles,  laid  with  their  bottoms  not  more  than  ten  inches  below  the  surface  of 
the  ground.  The  total  length  of  these  tile-drains  is  regulated  according  to  the  discharging  capacity 
of  the  flush-tank,  with  a  view  to  their  becoming  entirely  filled  at  each  discharge.  Within  a  short  time 
after  the  flow  has  ceased  the  liquid  has  left  all  the  pipes  and  entered  the  soil,  its  impurities  being 
retained  and  its  filtered  water  settling  away  into  the  porous  or  artificialh'  drained  ground  below. 
During  the  interval  between  the  discharges  of  the  flush-tank,  a  day  or  more,  the  process  of  purifi- 
cation (oxidation)  of  the  retained  impurities  goes  on  in  the  soil,  and  its  thorough  aeration  prepares  it 
to  purify  the  next  discharge.  This  method  of  disposal  is  now  employed  in  connection  with  hundreds 
of  houses,  and  its  use,  which  has  in  some  cases  continued  for  a  dozen  years,  is  constantly  increasing. 
Its  application  implies  a  certain  amount  of  fall,  but  this  amount  need  not  be  great.  The  discharging 
height  of  the  tank  need  not  be  more  than  twelve  inches.  The  main  outlet  need  not  fall  more 
rapidly    than    at     the     rate    of     i     to     300,    and    the    absorption-drains     need     not    to    fall    more    rapidly 
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than  at  the  rate  of  i  to  600.  If  the  tank  can  be  built  on  the  top  of  the  ground,  an  average 
surface  fall  of  i  to  400  can  usually  be  made  to  meet  all  requirements.  Where  waste  matters  are  to 
be  removed  from  cellars  and  basements  below  the  level  of  the  ground,  a  greater  fall  is  necessary, 
or   the    wastes    which    are    there   collected    must    be    thrown    to    the    tank    by    pumping    or    otherwise. 

Where  there  is  a  bit  of  grass-land  a  little  removed  from  the  house  (and  from  sight)  it  answers  a 
perfectly  satisfactory  purpose  to  dispense  with  the  absorption-drains  and  to  deliver  the  main  outlet 
directly  on  to  the  surface  of  the  ground.  The  effect  in  both  cases  is  entirely  different  from  what  it 
would  be  were  the  flow  of  the  drains  not  regulated  by  the  use  of  the  flush-tank.  The  moment  we 
have  a  constant  slight  discharge,  either  on  the  surface  of  the  ground  or  into  the  absorption-drains, 
we  establish  a  condition  of  constant  saturation  which  leads  to  the  overfouling  of  a  small  area,  \\liich  is 
rarely,  if  ever,  purified  by  aeration.  For  an  intermittent  discharge  some  form  of  flush-tank  is  an  absolute 
necessity.  It  is  often  found  in  practice,  where  the  flow  of  sewage  from  the  house  is  considerable,  that 
the  discharge  of  the  house-drains  into  the  settling-basin  produces  such  an  agitation  of  its  contents  as 
to  set  in  motion  and  to  carry  into  the  flush-tank  bits  of  paper  partly  macerated,  grease,  etc.  This 
has  been  met  by  a  recent  improvement,  which  consists  in  building  a  traverse  wall  in  the  settling-basin 
which  checks  the  current  from  the  house-drain  and  causes  the  flow  from  the  house  side  of  the  wall  to 
pass  over  its  top  in  a  thin,  small  current  which  does  not  materially  agitate  the  contents  of  that  part 
of  the  basin  from    which    the   outflow-pipe  is   fed. 

ic)  The  cesspool  is  still  the  chief  reliance  of  the  world  at  large  There  is  nothing  to  be  said  in 
its  favor  save  what  may  be  based  on  the  old  adage  that  "what  is  out  of  sight  is  out  of  mind." 
There  is  everything  to  be  said  in  its  condemnation,  whether  we  regard  its  contents  as  a  great  mass 
of  putrefying  and  infecting  filth,  as  the  source  of  oozings  which  travel  through  crevices  of  rocks, 
through  layers  of  gravel,  through  seams  in  cla}',  or  through  lighter  soils  into  and  under  cellars  and  into 
drinking-water  wells  and  defectively  constructed  cisterns,  or  as  an  ever-acting  gas-retort  supplying  the 
pipes  of  the  house  with  the  foulest  product  of  putrefaction  It  is  in  all  respects  and  under  all  cir- 
cumstances a  curse,  unless  placed  far  away  from  the  possibility  of  tainting  the  air  we  breathe  or  the 
soil  over  which  we  live,  or  from  which  we  or  others  take  our  drinking-water,  and  even  then  it  had 
better    be    abandoned. 

The  simple  drainage  of  the  soil  involves  a  question  of  the  greatest  importance.  If  the  ground 
under  the  house  or  about  it  is  at  any  time,  unless  perhaps  immediately  after  heavj'  rains,  saturated 
with  moisture,  we  have  to  apprehend  a  condition  of  insalubrity  more  or  less  serious  in  proportion  to 
the  degree  of  saturation  and  the  degree  of  foulness  with  which  this  is  associated.  The  drainage  require- 
ments of  land  outside  of  the  house  are  less  easily  determined,  but  it  requires  nothing  more  than  a 
casual  examination  of  the  cellar  in  ordinarily  wet  weather  to  determine  whether  or  not  an  improvement 
of  its  soil-water  drainage  is  necessary.  If  it  is  at  such  times  wet,  or  even  persistently  damp,  thorough 
drainage  is  demanded  ;  and  it  is  only  necessary  to  say  that  this  should  be  secured  by  some  process 
which  can  under  no  circumstances  bring  the  air  of  the  cellar  into  communication  with  the  air  of  a 
sewer  or  foul  drain. 

I  have  purposely  abstained  in  the  foregoin.g  remarks  from  invading  the  province  of  the  ph\-sician 
or  the  physiologist  by  discussing  the  influence  of  bad  drainage  on  the  health  of  those  living  subject 
to  it.  It  may  safely  be  assumed  that  phj-sicians  who  care  enough  about  the  subject  to  interest  them- 
selves in  investigating  the  condition  of  local  or  general  drainage  have  convictions  concerning  it  which 
could  not  be  strengthened  by  the  opinion  of  one  belonging  to  another  profession.  The  assumption  is 
also  confidently  made  that  no  intelligent  medical  man  will  hesitate  for  a  moment  to  accept  the  dictum 
that  the  site  of  the  house  must  be  dry,  and  that  it  and  its  neighborhood  must  be  entirely  exempt 
from  the    influence    of    foul    organic    decomposition. 
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HE  whole  vast  district  bordering  the  North  Sea,  running  from  near  Denmark  far  into  Belgium, 
is  a  silt  formation,  naturally  of  unstable  character  and  lying  little  above  the  level  of  the  sea. 
That  portion  of  it  which  has  been  the  seat  of  the  most  notable  drainage-works  in  the  world 
extends  from  the  Dollart  at  the  German  border  to  the  mouth  of  the  Scheldt  at  Flushing,  and 
extends    inland    to    the   highlands    of    Gelderland  and    Drenthe.     The   Provinces  of    Groningen,   Friesland, 

the  whole  eastern  and  southern  border  of  the  Zuyder-Zee, 
and  the  whole  of  North  and  South  Holland  and  Zeeland 
have  been,  save  for  the  sand-dunes  along  the  coast,  which 
alone  made  their  reclamation  possible,  wrested  from  the  flood, 
and  not  only  made  a  possible  resting-place  for  humanity,  but 
transformed  it  into  one  of  the  most  fertile,  prosperous,  and 
civilized  countries  of  the  wliole  world  through  the  agency  of 
artificial  drainage. 

The  condition  of  this  region  before  its  artificial  drainage 
was  begun  maj-  be  inferred  from  the  accompanying  sketch  of 
North  Holland,  taken  300  years  ago  (Fig.  60),  when  the 
Netherlands  already  contained  a  population  capable  of  with- 
standing the  assaults  of  Charles  the  Fifth  and  Philip  the 
Second,  and  when  Amsterdam  was  one  of  the  great  cities  of 
the  commercial  world. 

We  are  told  that  when  Caesar  came  to  Batavia  vast 
forests  grew  at  the  level  of  the  water,  quaking  morasses  lay 
on  every  side,  and  the  oozy  soil  was  only  here  and  there 
thrown  high  enough  to  give  a  foothold  to  the  scant  and 
hardy  population.  Travellers  of  that  time  relate  that  the 
whole  land  could  be  traversed  on  fallen  timber,  without  touch- 
ing the  ground,  and  rivers  were  blocked  with  rafts  of  up- 
rooted oaks.  The  climate  had  an  almost  Norwegian  fierceness. 
Even  four  centuries  later  the  country  was  described  as  an 
"endless  and  pitiles-.  forest."  The  slow  progress  of  civilization  had  not,  as  we  see,  made  the  available 
land  of    Holland   more  than   equal   to   the  area  of    its   included  waters  in  the  time  of  the  Spanish  wars. 

Indeed,  the  history  of  Holland  has  been  the  history  of  a  ceaseless  contest  between  man  and 
nature,  not  only  to  reclaim  for  human  use  land  l}'ing  at  the  bottom  of  swamps  and  ponds,  but  to 
protect  what  was  reclaimed  from  the  invasions  of  adjoining  bodies  of  water  under  the  action  of 
storms,  to  say  nothing  of  the  occasional  almo.st  irresistible  floods  of  the  Rhine— whose  northern  waters 
are  frozen  while  its  more  southern  sources  are  already  unlocked,  sending  down  freshets — which,  dammed 
*  Portions  of  this  chapter  arc  reprinted  from  a  paper  written  in  1874  for  Sciibiiei's  Magazine. 
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by  ice,  and  even  thrown  out  of  its  banks,  overflows  whole  districts  and  constitutes  a  never-ending 
source  of  danger. 

On  this  insecure  soil  the  Dutch  made  their  successful  stand  against  the  Spaniards,  often  cutting 
the  dikes  and  flooding  miles  of  fertile  country  as  the  only  available  defence  of  their  liberties  and 
their  lives.  From  the  rich  ports  scattered  over  the  interrupted  land  they  controlled  the  commerce 
of  the  world.  Education  was  universal,  as  it  was  nowhere  else  in  Europe;  nearly  the  whole  popula- 
tion could  read  and  write.  Flanders  and  Italy  were  the  richest  and  the  most  industrious  and  flourish- 
ing of  the  Western  nations. 

Little  b}'  little,  and  almost  without  interruption,  the  work  of  reclamation  has  progressed,  until  the 
final  work  of  draining  the  arm  of  the  sea  called  the  Ij  has  removed  the  last  body  of  water  from 
all  North   Holland,  save  its  harbors,  its  canals,  and  the  normal  channels  of  its  rivers. 

This  complete  change  in  the  physical  characteristics  of  the  country  make  it  almost  impossible  for 
the  traveller  to  realize  the  conditions  that  formerly  existed. 

Holland  is  a  broad  land  rather  than  a  deep  one,  and  while  the  traveller  is  often  below  the  level 
of  the  sea,  he  does  not  often  realize  the  position  from  any  obvious  contrast.  The  sea  is  out  of  sight, 
and  the  canals  are  themselves  below  its  level,  often  by  several  locks,  so  that  in  its  general  aspects  the 
country,  as  seen  from  the  railway,  seems  only  a  wide  plain,  with  its  canals  raised  on  low  embankments 
and  its  house-tops  hidden  more  than  such  embankments  should  hide  them.  We  see  the  polders 
mainly  from  the  outside,  and  so  fail  of  getting  a  due  impression  of  their  depth. 

The  marvel  that  we  expect  to  realize  is  the  freeing  of  all  of  this  low-l}'ing  land  from  its  old-time 
floods;  but  the  water  is  gone  and  we  need  to  be  told  that  these  fertile  farms  and  blooming  flowerbeds 
were  once  at  the  bottom  of  deep  lakes.  Those  who  have  taken  their  information  from  popular  de- 
scriptions are  quite  sure  to  have  wrong  ideas,  and  I  confess  that  my  own  first  view  of  the  flat 
country  of  Holland  was  a  disappointment. 

Away  from  the  canal-netted  towns  there  was  much  less  of  the  amphibious  element  than  had 
been  anticipated.  With  one  who  makes  onl}-  a  rapid  run  through  the  country  by  rail  this  feeling 
of  disappointment  will  be  likely  to  remain  ;  but  he  who  gives  more  attention  to  the  special  problems 
of  Dutch  drainage  must  soon  find  himself  astonished  that  so  much  could  have  been  done  by  so 
small  a  people,  and  that  the  reality  should   be  so  much  more  interesting  than  the  suggested   fancy. 

Nearly  the  whole  of  North  and  South  Holland  is  a  level  plain,  stretching  from  Helder  to  Zeeland, 
and  lying  behind  dunes  or  sand-hills  on  the  sea-coast.  It  is  a  level  plain  in  the  sense  of  having 
no  elevations,  but  it  is  full  of  depressions,  where  the  surging  of  the  old-time  waters  washed  away 
the  half-soluble  soil  and  floated  it  out  to  sea.  Much  of  the  land  remaining  is  of  a  sort  that  may 
in  like  manner  easily  be  destroyed.  This  plain  formcrl)'  stretched  awa}'  to  the  eastward  and  north- 
eastward, through  Friesland  and  Groningen,  but  the  formation  of  the  Zuyder-Zee  has  made  a  wide 
separation   between    the    two    districts. 

A  general  review  of  the  conditions  under  which  the  drainage  of  so  large  an  extent  of  country  are 
effected   and  controlled   is  necessary  to  a  proper  understanding  of  processes   that   will  be  described. 

The  unit  of  all  Dutch  drainage  is  what  is  called  the  "  polder,"  a  term  which  applies  to  any  single 
area  enclosed  in  its  own  dike  and  drained  by  the  same  pumps.  Some  of  these  are  slightl)'  below  the 
level  of  the  surrounding  countrj',  and  need  but  a  slight  embankment;  such  are  often  of  tolerably  firm 
soil,  and  require  only  the  removal  of  the  water  to  make  them  fertile.  Others  were  originally  ponds  or 
lakes,  or  deposits  of  wet  muck,  which  have  been  enclosed  by  more  substantial  embankments,  and  from 
which  tlie  removal  of  the  water  was,  and  continues  to  be,  a  more  serimis  ojicratinn  I'dldcrs  are  fre- 
quently formed  after  the  removal  of  the  peat  and  its  sale  for  fuel.  Its  place  is  nccvqiicd  with  water, 
and  then  begins  the  fresh  operation  of  impro\-ing  the  embankment,  removing  the  water,  anil  often  even 
adding  a   large   quantity  of  foreign   matter  to   make   fertile  soil.       Sometimes   the  peat  is  found   under  a 
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stratum  of  arable  soil  several  feet  thick.  This  is  carefully  laid  aside  to  form  the  basis  of  cultivation 
after  the  peat  is  removed  and  the  drainage  completed.  The  boats  which  take  turf  to  the  cities  bring 
back  street-sweepings,  builders'  rubbish,  and  waste  of  all  kinds,  which  in  all  towns  in  Holland,  large 
and  small,  are  said  to  be  carefully  collected  and  sold  for  filling  depressions  from  which  turf  has  been 
raised. 

The  polders  vary  in  size  from  two  or  three  acres  to  over  forty  thousand  acres.  They  are  sometimes 
only  a  few  inches  below  the  established  level  of  the  outlying  water,  sometimes  seventeen  or  eighteen 
feet  below  this.  Those  first  drained  were  shallow  marshes,  which  could  be  secured  by  slight  dikes 
and  drained  by  a  single  small  mill.  Later,  when  the  country  had  made  more  progress,  the  .system  was 
applied  to  deep  marshes  and  lakes,  requiring  large  anJ  strong  dikes  and  a  number  of  large  mills  for 
their  pumping.  The  interior  of  each  polder  is  cut  with  canals  and  ditches  which  serve  to  lead  the 
water  toward  the  mills,  and  in  summer  for  the  distribution  of  the  water  admitted  from  without.  In 
the  district  of  the  "  Rijnland  "  there  are  nearly  ninety  thousand  acres  of  land  which,  but  for  the  com- 
bined skill  and  perseverance  and  capital  of  the  people,  would  be  buried,  much  of  it,  under  seventeen 
feet  of  water.  The  polder  drainage  alone,  aside  from  the  Haarlem  Lake,  employed  two  hundred  and 
sixty  wind-mills. 

The  next  step  in  the  organization  is  what  is  called  the  Hydraulic  Administration.  This  is  a  body 
of  skilled  men,  some  of  them  engineers,  who  iiave  charge  of  the  h)'draulic  interests  of  certain  districts. 
The  Administration  of  the  Rijnland,  for  instance,  has  complete  jurisdiction  on  a  1  matters  concerning 
the  dikes  and  drains  of  that  part  of  North  Holland  lying  between  Amsterdam  and' the  sea  on  the  east 
and  west,  and  between  the  Ij  and  the  environs  of  The  Hague  and  Gouda  on  the  north  and  south. 
Their  territory  includes  Leyden  and  Haarlem  and  the  great  Haarlem  Lake.  These  Administrations  have 
control  of  the  means  of  outlet  for  tlie  drainage  waters,  and  of  the  mechanical  appliances  b}'  \\hich  their 
removal  is  facilitated.  They  have  also  a  supervisory  control  over  the  drainage  government  of  the  differ- 
ent polders  in  their  districts.  The  district  is  divided  into  two  classes  of  territory,  the  polders  and  the 
basin.  The  polders  are  governed  b)'  officers  appointed  by  local  proprietors ;  the  basin  entirely  by  the 
Administration.  The  latter  consists  of  all  canals  of  communication  and  other  channels  for  the  removal 
of  the  water  pumped  from  the  polders,  and  also  of  any  undrained  bodies  of  water  that  may  exist  in  the 
district.  .One  of  the  most  important  duties  of  the  H)'draulic  Administration  is  to  establish  the  maxi- 
mum level  of  the  water  in  the  basin,  and  when  from  any  cause  the  water  has  reached  this  level,  to 
see  that  no  more  water  is  pumped  from  the  polders  until  it  shall  have  subsided  below  it.  Control  is 
also  taken  by  this  body  of  all  questions  arising  between  different  polders  as  to  the  injurious  effect  of 
the  pumping  of  one  upon  the  interests  of  the  other.  The  care  of  the  exterior  defences — defences 
against  the  influx;  of  water  from  the  sea  or  from  interior  sources — forms  an  important  part  of  their 
office,  and  indeed  the  safety  of  the  country  depends,  more  than  on  anything  else,  on  the  vigilance 
with  which  in  time  of  danger  the  detailed  dike-guard    is   made  to    attend  to  its    duty. 

When  southwest  gales  have  long  prevailed,  forcing  the  waters  of  the  Atlantic  around  the  north  of 
Scotland,  and  arc  then  succeeded  by  northwest  gales  which  blow  these  waters  into  the  German  Ocean 
beyond  the  capacity  of  the  English  Channel  to  pass  them,  they  are  piled  against  the  coast  of  Holland 
with  terrific  force,  the  high  tide  is  prevented  from  receding,  and  the  next  tide,  and  sometimes  even 
the  next,  is  piled  upon  it  by  the  winds  until  only  the  utmost  exertion  suffices  to  prevent  its  sur- 
mounting the  dikes.  In  such  times  an  army  of  men  hastily  build  a  new  dike  on  the  top  of  the  old 
one,  contending  with  the  waters  inch  by  inch,  and  so  preventing  that  first  damaging  flow  which  is 
Hkc  "the  beginning  of  strife." 

The  Hydraulic  Administrations  are  of  such  univeisaJly  recognized  importance  that  thc)-  ha\c 
always  been  respected  during  political  troubles  and  revolutions,  and  in  spite  of  the  athninistrative  or 
judiciary  subdivisions  of    the  country. 
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The  [joldcr-mastcrs  or  the  local  authorities  for  the  regulation  of  the  drainage  of  the  individual 
polders  iiave  charge  of  the  maintenance  of  the  dikes  and  mills,  and  of  the  opportune  removal  of  the 
waters.  The  Hydraulic  Administration  is  charged  with  the  maintenance  of  a  just  equilibrium  between 
the  interests  of  the  polders  and  those  of  their  own  works  of 
drainage,  and  with  the  control  of  intercommunication,  etc. 
The  point  at  which  the  level  of  the  water  in  the  basin  shall 
be  fixed,  and  the  strictness  with  which  it  is  maintained,  are 
the  cause  of  frequent  difficulty  between  the  two  organizations. 
The  authorities  of  the  polders  are  naturally  anxious  to  make 
their  draining  as  rapid  as  possible,  and  frequently  continue 
the  working  of  the  mills  after  the  fixed  level  of  the  waters 
without  has  been  reached,  hoping  to  escape  detection,  or 
risking  the  penalty  that  may  result — anything  rather  than  that 
their  own  polders  shall  remain  submerged.  The  owners  of 
polders  with  strong  and  high  dikes  often  care  little  that,  in 
draining  them,  they  injure  neighboring  polders  with  smaller  or 
feebler  dikes,  and  it  requires  the  strong  authority  of  the  Ad- 
ministration to  which  they  belong  to  prevent  serious  injury 
from  this  source. 

Wind-mills  have  been  used  in  Holland  for  the  drainage 
of  land  from  immemorial  time.  The  little  mill,  with  a  vane 
or  tail  to  turn  it  toward  the  wind,  which  is  much  used  in 
Friesland,    costs    three    hundred  gulden.      The  large  mills  used 


Construction    of    Pumping 
Wind-Mill 


in  deep  draining  cost  even  a  hundred  times   this    sum.     These 

are  indeed  large,  and  a  row  of  them  at  the  side  of  a  canal  is  really  imposing.  The  construction  of 
an  ordinary  Dutch  pumping  wind-mill  of  moderate  size  is  shown  in  Fig.  61.  Those  of  a  larger 
class  are  similarly  constructed,  but  include  house-room  for  an  attendant  and  his  famil}-;  the    foundation 
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Fig.  62.      Punnping-Mills   near  Rotterdann. 


Fig.  63       Ground    Floor  of  Wind-Mil!.. 


or  the  residence  story  is  of  stone  or  brick;  on  this  rests  a  superstructure,  which,  including  the  revolv- 
ing hood,  is  well  and  neatly  thatched  with  straw;  the  whole  head  of  the  structure,  including  the 
main  shaft,  revolves  and  is  turned  to  face  the  wind  by  a  windlass  and  ropes  attached  to  posts  s;t  at 
con\-enient   intervals. 
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The  general  appearance  of  these  wind-mills  is  shown  in  Fig.  di,  representing  a  row  of  six  large 
pumping-mills  near  Rotterdam.     The  foundation,  main  living-room,  and  pumping-well  are  shown  in  Fig  63. 

AV'ith  no  important  modifications,  this  is  the  t}'pe  of  all  draining-mills,  except  a  comparatively 
small  number,  where  the  Archimedean  screw  is  used.  Each  mill  of  the  larger  size  is  capable  of  raising 
water  to  a  height  of  about  four  feet.  With  a  fair  wind  it  will  lift  to  this  height  from  5,000  to 
10,000    gallons  per    minute. 

In  these  later  years  steam  pumps  are  coming  very  largely  into  use,  and  there  will  probably  be 
few  of  these  picturesque  but  costly  and  cumbersome  wind-mills  constructed.  Their  economy  under  the 
most  favorable  circumstances  is  great,  but  the  fact  that  a  steam-pump  can  be  used  whenever  it  is 
needed  without  waiting  for  the  wind  to  blow  gives  it  an  advantage  which  is  rapidly  becoming  a 
controlling  one.  A  pumping  wind-mill  works  effectively  only  1,500  hours  in  the  year;  the  rest  of  the 
time    (during   the   wet   season)   the  wind  is  too   strong  or  too  light. 

The  influence  of  the  wind  on  the  level  of  interior  waters  is  important  to  be  considered,  as  affecting 
the  level  at  which  the  pumping  of  the  polders  is  to  be  stopped,  the  rapidity  with  which  water  is 
discharged  at  the  outlet-sluices,  and  the  danger  with  which  the  containing  banks  are  menaced.  In  a 
large  basin  like  that  of  the  Rijnland  before  the  draining  of  Haarlem  Lake,  when  a  strong  south 
wind  blows  the  water  is  raised  in  the  northern  part  to  such  a  height  that  the  northern  polders 
sometimes  cannot  be  pumped,  however  great  their  need  of  it,  while  those  at  the  south  have  ample 
margin.  The  force  of  the  wind  made  sometimes  a  difference  of  over  three  feet  between  the  levels 
of  the  opposite  ends  of  the  Rijnland  basin. 

In  Dutch  drainage-work  the  dike  is  a  very  important  element.  Dikes  vary,  of  course,  according 
to  the  circumstances  under  which  they  are  required.  On  the  North  Sea  coast,  where  they  are  built  to 
withstand  tides  rising  ten  feet  beyond  their  average,  and  lashed  by  storms,  the)-  constitute  a  work  of 
stupendous  magnitude  and  cost.  In  the  case  of  a  polder  of  a  few  acres  they  may  be  the  work  of  a 
single  man.  Occasionally  in  their  construction  serious  engineering  difficulties  are  presented  ;  especially 
is  this  the  case  where  the  dike  is  to  be  built  in  the  water.  Here  the  two  sides  of  the  foundation, 
which  must  reach  from  the  solid  earth  to  the  surface  of  the  water,  are  made  by  sinking  great  rafts 
of  fascines  made  of  willow  osiers,  often  from  100  to  150  }'ards  square,  strongly  secured  together,  and 
making  a  compact  mass.  These  are  floated  over  the  place  they  are  intended  to  occup}%  Here  they 
are  guided  by  poles  sunk  in  the  bottonn,  and  are  loaded  with  stones  or  with  earth  until  the}-  sink. 
Upon  this  first  a  second  and  smaller  one,  and  often  a  third  and  even  a  fourth,  always  decreasing  in 
size,  are  placed  in  turn.  The  space  between  the  two  walls  is  filled  with  solid  earth,  and  on  the  top 
of  this  secure  foundation  the  dike  is  built.  If  the  dike  is  to  remain  exposed  to  moving  water,  it  must 
be  further  protected  by  jetties  or  by  mason-work,  or  by  wattles  placed  upon  its  slope,  or  by  rows  of 
piles,  basket-work  of  straw  or  rushes,  or  sometimes  by  brick  walls. 

The  security  that  all  this  enormous  work  affords  is  maintained  only  by  eternal  vigilance.  Even 
a  mole-track  may  be  the  beginning  of  an  inundation  that  will  soon  destroy  the  whole.  As  a  conse- 
quence, the  engineering  supervision  and  control  of  all  public  hydraulic  works  assumes  an  importance 
in    the  Netherlands  nowhere  else  known. 

The  standard  of  all  water-measurement  in  Holland  is  a  bench-mark  at  Amsterdam,  showing  the 
ordinary  level  of  water  at  that  point.  It  is  indicated  by  the  letters  A.  P.  (Amsterdamsche  Peil),  and  is 
the  zero  point  to  which  all  hydrau-'c  descriptions  of  Holland  refer.  It  will  be  used  in  this  paper.  It 
is  2  feet  4  inches  above  ordinary  low  water,  and  about  2  feet  7  inches  below  ordinary  high  water. 
I^evels  above  this  bench-mark  are  indicated  by  -|- ^-  P-'  those  below  by  — A.  P. 

The  Rijnland,  which  extends  along  the  North  Sea  from  near  The  Hague  to  Gouda,  and  along  the 
former  arm  of  the  sea  called  the  Ij  to  Amsterdam,  and  from  this  city  to  Gouda,  including  Le3-dcn 
and   Haarlem,   is   protected   against  the    North    Sea  by  high   sand-dunes   along  the  coast,   and   against    the 


DRAIXAGE  lA'  HOLLAND. 


309 


Ij  by  a  vast  dike  stretching  along  its  southern  shore  from  the  dunes  to  Amsterdam,  its  crest  being 
nearly  ten  feet  +  A  P.  Before  the  drainage  of  Haarlem  Lake  this  Administration  covered  over 
300,000  acres,  75,000  (inchiding  the  dunes)  being  naturally  above  the  water-level,  and  175,000  polders 
or  drained  lakes;  the  remainder,  forming  what  is  called  the  Basin,  covered  the  undrained  lakes, 
canals,  and   water-course,  constituting  an   area  of  about  55,000  acres. 

The  accompanying  map  (Fig.  64)  shows  that  portion  of  the  Rijnland  about  Haarlem  Lake,  a 
body  of  water  which  attained  the  proportion  here  shown  only  by  slow  extension,  as  the  soft  soil  was 
washed  away  and  removed  by  the  drifting  waters.  The  dotted  line  shows  the  contour  of  the  water  in 
1531.  Successive  removals  since  then  up  to  1740  brought  the  lake  to  the  form  given.  The  double- 
dotted  surrounding   line  shows   the   position   finally  adopted  for   the   dike. 

The  Administration  of  the  Rijnland   dates  back  beyond    the  earliest  history.     It   was  recognized   by 


Fig  64      The   Former  Condition   of  Haarlem    Lake. 


tlie  king  in  1253.  It  is  directed  by  a  college  of  se\"en  members,  nominated  when  vacancies  occur  b\'  the 
remaining  members  and  confirmed  by  the  king.  It  revises  the  annual  accounts  of  the  polders,  decides 
disputes  concerning  question  of  drainage,  establishes  and  maintains  all  hydraulic  works  of  general 
utility,  and  divides  their  charges  pro  rata  among  the  polders  benefited.  In  financial  matters  it  is  sub- 
ject to  the  decision  of  a  board  composed  of  some  of  the  principal  landed  proprietors  chosen  b}-  the 
land-owners  at  large.  While  it  is  in  theory  subject  to  the  inspection  of  the  government,  it  is  practi- 
cally uncontrolled  in   its  very  excellent   management  of    the  affairs   intrusted    to   it. 

Its  drainage  is   controlled   by  a  body   called  the  Administration    for   H\-draulic  Works. 

Serious  ground  for  apprehension  existed  in  the  great  restriction  of  the  basin  of  the  Rijnland  by 
separating  the  lake  from  it,  reducing  it  to  about  one-fifth  its  former  size,  not  only  from  the  danger 
that  it  might  be  overflowed  during  the  pumping  out  of  the  lake,  but  that  after  the  polder  was  subjected 
to  cultivation  there   would  be,  during  summer  droughts,  too  little  water  available   for  the  necessary  sup- 
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ply  of  its  canals  and  ditches.  This  apprehension  could  be  met  onlj'  b\'  theoi)-,  and  the  Administration 
of  tlic  Rijnhuul,  natural!)'  jealous  of  its  rights  and  impressed  with  its  duties  to  its  constituents,  was  slow 
to  concede   its  permission    for   the  execution   of  the   plan. 

A  long  discussion  resulted  in  a  contract  between  them  and  the  commission  which  acted  on  behalf 
of  the  government.  This  contract  was  exceedingly  strenuous  in  its  restrictions,  and  illustrates  the  de- 
gree to  which  the  government  defers  to  the  H)'draulic  Administrations,  on  which  so  much  of  the  safety 
of  the  country  depends.  It  is  difficult  for  those  not  familiar  with  the  drainage  of  Holland  to  under- 
stand how  the  question  of  a  half-inch  more  or  less  in  the  elevation  of  the  water  should  become  a  ques- 
tion of  state,  yet  this  character  was  assumed  by  one  of  the  disputes  that  arose  during  the  work,  when 
it  was  asserted  that  the  pumping  had  been  continued  until  the  water  had  risen  half  an  inch  above  the 
established  mark. 

The  contract  held  the  commission  to  the  strictest  responsibility,  and  required  them  to  stop  the  ac- 
tion of  their  pumps  whenever  the  basin  should  rise  higher  than  a  point  5.4  inches  in  winter  or  11.2  inches 
in  summer  —  A.  V.  They  were  required  to  establish  such  works  as  might  be  necessary  to  supply  fresh 
water  from  without  whenever  in  dry  weather  the  basin  should  descend  lower  than  seventeen  inches  —  A.  P. 
As  fast  as  the  drained  lands  were  put  in  cultivation  they  were  to  pay  to  the  Administration  their  propor- 
tional taxes.  The  drainage  being  completed,  the  polder  was  to  form  a  part  of  the  territory  of  the  Ad- 
ministration, this  body  having  also  the  same  control  of  the  navigation  of  the  encircling  canal  that  it  had 
of   other  waters   within   its   district. 

The  drainage  of  all  the  large  polders  of  Holland  is  an  interesting  subject  of  study,  but  all  the 
others  sink  into  relative  insignificance  when  compared  with  Haarlem  Lake,  which,  being  the  latest  and 
the  largest  work   of  its   kind    in    the  world,  is  selected   for   the   illustration   of  the  system   followed. 

This  lake  had  always  been  a  source  of  great  danger  to  the  cities  of  Amsterdam,  Haarlem,  and  Ley- 
den,  and  the  known  fertility  of  the  soil  at  its  bottom  was  always  a  strong  temptation  to  enterprising 
improvers.  Schemes  for  its  drainage  date  back  for  more  than  two  centuries  and  a  half.  As  long  ago 
as  1643  a  mill-builder  named  Jan  Adriansz  (surnamed  Leeghwater)  published  a  detailed  plan  for  the 
drainage  of  the   lake,  which  jjassed  through  thirteen   editions  (the  latest  in    1838). 

Leeghwater  proposed  an  enclosing  dike  with  a  canal  outside  of  it,  but  he  omitted  a  portion  of  th.e 
southern  end  (the  Kager  meer).  He  proposed  to  use  160  wind-mills,  40  upon  each  of  four  different 
elevations,  raising  the  water  from  one  to  the  other,  'i'he  outlet  of  the  basin  of  the  Rijnland  at  Katwijk 
did  not  then  e.Kist,  the  Rhine  having  there  been  closed  with  silt  and  drift.  Another  similar  plan  appeared 
about  the  same  time,  and   then   the  question   rested   for  a  century. 

In  1742  the  engineers  of  the  Rijidand  prepared  a  new  plan,  lea\-ing  out  not  only  the  Kager  meer, 
but  also  the  Spiering  meer  at  the  north.  They  proposed  the  use  of  112  winil-mills.  After  this  time 
the  subject  w^as  frequently  discussed.  It  had  much  attention  from  the  government,  and  many  modi- 
fications of  the  plan  were  proposed,    s-^me    greatly  extending    the  boundaries  of  the  land  to  be  drained. 

The  first  proposal  to  make  use  of  steam  as  a  motive  power  was  made  by  Baron  Lijnden,  who 
recommended  eighteen  steam-engines  to  drive  rotating  paddle-wheels,  similar  to  those  used  wiih  wind- 
mills. As  time  passed  on,  plans  and  descriptions  multiplied,  and  the  use  of  steam  alone,  or  as  an  acces- 
sory to  wind-power,  was  more  and  more  considered.  During  the  whole  two  centuries  there  were  fifteen 
well-studied  plans  submitted   to  the  public  or  to  the  government. 

Final  action  was  stimulated  by  the  repeated  hurricanes  of  the  autumn  of  1836.  On  the  9th  of 
November  the  fierce  west  wind  drove  the  waters  of  the  lake  violently  upon  Amsterdam.  They  swept 
across  tlie  intervening  polders,  and  above  the  roads  and  dikes,  to  the  very  walls  of  the  capital.  On 
Christmas  day  another  storm  blowing  from  the  east  carried  the  waters  of  the  lake  toward  Leyden, 
submerging  a  part  of  the  city.  The  waves  broke  the  dikes,  or  poured  in  cascades  into  the  deep  polders. 
In   November,  near  Amsterdam,  the  water  rose  nearly  three    feet   A-   A   P.,  and    flooded    nearly    100,000 


DRAINAGE  IN  HOLLAND.  3II 

acres  of  polders.  In  December  an  equal  height  was  attained,  over  18,000  acres  of  polders  being  inun- 
dated. With  extraordinary  cost  and  energy,  it  was  still  more  than  a  year  before  the  submerged  lands 
were  made  dry  again.  This  was  the  deciding  circumstance;  which  resulted  in  the  formation  of  the 
commission   for  the  drainage  of  Haarlem   Lake. 

The  chief  area  of  the  modern  Haarlem  Lake  was  formerly  an  inhabited  country.  According  to  an 
old  map  of  1531  (as  indicated  by  the  dotted  lines  in  Fig.  64),  there  were  at  that  time  only  four  small 
lakes.  Two  roads  crossed  the  whole  extent,  and  there  were  three  flourishing  villages.  These  lakes 
occupied  together  less  than  one-third  of  the  modern  area.  In  1591  one  of  these  villages  had  already 
disappeared,  and  in  1647  the  others  had  gone,  and  the  four  lakes  had  run  into  one.  The  cause  of  this 
continual  loss  of  land,  as  has  already  been  explained,  is  to  be  sought  in  the  exceedingly  fine  and 
siltable  condition  of  the  soil,  which  is  readily  moved  by  moving  water,  and  yields  rapidly  to  the 
force   of   strong  waves. 

The  soft  bed  of  the  lake  is  tolerably  uniform,  and  was  covered  with  rather  more  than  13  feet 
of  water.     The   firm  soil  lay  more    than    16  feet  —  A.  P. 

The  plans  which   were  finally   adopted  for   the   drainage  involved  : 

1.  The  building  of  a  huge  dike  entirely  around  the  lake  for  a  distance  of  about  thirty-seven  miles, 
and  outside  of  this  a  canal,  131  feet  wide,  serving  the  double  purpose  of  affording  a  channel  for  the 
active  navigation,  now  to  be  excluded  from  the  lake  itself,  and  for  the  escape  of  the  water  of  drain- 
age during  and  after  the   formation   of  the  polder. 

2.  The  enlargement  of  the  canal  and  lock  at  Katwijk,  to  secure  the  more  rapid  escape  of  the 
waters  delivered  at  that  point. 

3.  The  erection  of  steam-works  at  Spaarndam  and  Halfway,  to  secure  the  more  rapid  discharge  of 
these  outlets  into  the  Ij,  and  to  prevent  the  interruption  of  the  flow  on  the  occasion  of  unusual  rises 
of  the  water  in  that  arm  of  the   sea. 

4.  Another  of  like  character,  at  the  southern  border  of  the  territory  of  the  Rijnland  (at  Gouda), 
to  improve  the  drainage  of  the  polders  of  this  region — this  not  necessaril}'  as  an  aid  to  the  drainage 
of  the  lake  itself,  but  as  an  inducement  for  concessions  on  the  part  of  the  Administration  of  the  Rijn- 
land, to  whom  such  work  would  be  of  great    advantage. 

5.  The  establishment  of  three  pumping-stations  at  the  borders  of  the  lake,  each  supplied  with  lift- 
ing-pumps worked  by  enormous  steam-engines  specially  invented  and  constructed  for  the  work.  One 
of  these  pumping-stations,  "  The  Cruquius,"  was  fixed  at  the  junction  of  the  Spaarne  with  the  encircling 
canal,  and  the  other  two  at  the  ends  of  the  longitudinal  axis  of  the  lake  ("The  Lijndcn  "  opposite  the 
Lutke  meer,  and   "  The  Leeghwater  "  at  Kaag). 

The  estimated  cost  of  the  enterprise  was  8,355,000  gulden — $3,342,000  gold  ;  or  about  $75  per  acre 
for   the    land  to   be   reclaimed. 

The  scheme  was  finally  adopted  by  the  States-General  b}-  an  immense  majority  in  1839.  The 
commission  charged  with  the  work  comprised  thirteen  distinguished  engineers,  landed  proprietors,  and 
state  counsellors,  under  the  presidency  of  Gevers  d'Endegeest,  to  whose  elaborate  monograph  I  am 
indebted  for   man)'  of  tlie  statistics   given    in   this  chapter. 

The  dike  was  entirely  to  isolate  the  lake,  without  locks  for  the  admission  of  boats  to  the  canals 
of  the  future  polder.  It  was  to  be,  on  the  firmer  ground  bordering  the  lake,  a  simple  embankment  of 
earth  ;  where  it  crossed  creeks  and  canals  it  must  be  protected  by  loaded  caissons  sunk  in  the  water. 
These  works  under  water  covered  a  length  of  nearl)'  two  miles,  and  presented  in  man)'  cases  serious 
engineering  difficulties. 

The  general  character  of  the  dike  and  canal  will  be  understood  from  the  accompan\'ing  cross- 
section,  Fig.  65.  For  a  width  of  95  feet  the  canal  has  a  depth  of  over  10  feet.  The  dike  rises  to  a 
height    of    7^    feet -|- A.  P.      The    banks  of    the   canal  have  a   slope  of    2   to    i,  and    are    bordered    by  a 
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level  strip  about  6  feet  wide,  which  is  slightly  covered  by  water.  Between  the  canal  and  the  dike  of 
the  lake  on  one  side,  and  the  dikes  of  the  adjoining  polders  on  the  other,  there  is  a  level  road- 
way. 

The  body  of  the  dike  is  generally  composed  of  the  peaty  earth  thrown  up  in  the  excavation  of 
the  canal.  It  is  covered  with  turf,  and  has  generally  sunk  but  little,  the  heavy  weight  of  the  mass 
in    construction   having   at    once  compacted    it    firmly. 

In  exceptional  cases  it  has  been  necessary  to  restore  its  height  from  time  to  time,  generally  with 
the   silt    taken    out  in    cleaning   the   canal. 

The  narrow  tongue  of  land  separating  the  lake  from  the  peat-Likes  lying  to  the  southeast  of  it 
was  not   land  in   the    true   sense  of    the  word,    only   a   narrow,  floating    bed  composed   of  a   variety  of 
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Fig.  65       Cross-section   of  the   Canal    and    D'kes. 


aquatic  plants  whose  roots  were  closely  interlaced,  and  which  rose  and  fell  with  the  level  of  the  basin. 
This  was  gradually  loaded  with  the  earth  taken  from  the  canal  and  sunk,  little  by  little,  to  the  hard 
bottom  12  or  15  feet  below.  Upon  this  as  it  solidified  the  body  of  the  dike  was  finally  built.  The 
result    was    entirely    satisfactory,  and  the    cost    was    not   excessive. 

Occasionally  it  was  necessary  to  build  walls  of  fascines  (sunken  caissons),  and  occasionally  heavy 
deposits  of  sand  were  brought  at  great  cost  from  the  dunes  on  the  opposite  side  of  the  lake.  This 
construction  is   shown  in    F"ig.  66. 

In  October,  1843,  the  lake  was  entirely  closed,  with  the  exception  of  certain  openings  left  for 
navigation,  and  the  final  closing  of  which  awaited  the  completion  of  the  machinery  and  the  consent 
of    the    Administration   of   the   Rijnland.      It   actually    took    place    only  in    May,   1848. 

The  dike   and  canal  cost     1,938,328  gulden.     Their   length    is    37.02    miles.     The   average    cost    for 
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Fig.  66.     Cross-section  of    Dil<e,   with   Jetties. 


canal  and  dike  together  was  9.91  gulden  per  running  foot.  The  superficial  area  of  the  canal  is 
654.36   acres,  and    the    area  of   the  dike    and  its    slopes   is    1,013.52    acres. 

During  the  early  stages  of  tlie  work,  before  the  dike  had  settled  and  become  covered  with 
vegetation,  it  was  subject  to  considerable  washing  by  the  water  of  the  canal,  and  had  frequently  to 
be  protected  by  basket-work  of  straw  and  rushes. 

After  its  completion  in  1848  it  needed  no  repair  save  occasional  slight  additions  to  its  height  at 
certain   points    where    it    had    settled    or    had    lost    material    by    accidental    fires. 

A  curious  phenomenon,  however,  occurred  in  connection  with  the  outer  dike  of  the  canal,  on  the 
east  side  of  the  lake,  where  it  crossed  an  area  of  flnntiiiL;  soil  which  hoiclorcd  wide  jionds  near  the 
village  of  Aalsmeer.  An  area  of  many  acres,  detached  by  the  canal  from  the  old  works  of  ik-fcnce 
against  the  lake,  found  itself  one  fine  day  driven  by  the  tempest  from  the  bank  of  the  canal  to  the 
other  side  of  the  pond.     The  proprietor  implored  the  aid  of  the  commission.     His    land    had     floated 
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to  the  opposite  shore,  widely  separated  fro  n  his  other  fields,  and  resting  on  water  that  was  not  his 
own.  By  the  combined  effort  of  the  proprietor  and  of  the  commission  these  fugitive  fields  were 
towed  back  to  the  borders  of  the  canal  and  pinned  in  place  by  piles  and  poles  which  prevented 
them  from  undertaking  another  voyage. 

The  question  which  required  the  most  careful  consideration,  and  the  decision  of  which  involved 
the  greatest  responsibility,  was  that  of  the  exclusive  use  of  steam-power  for  pumping.  The  amount 
of  water  to  be  lifted  was  over  seven  hundred  and  eighty  million  tons.  To  this  must  be  added  the 
rainfall  and  the  water  of  infiltration,  which  was  estimated  to  amount  to  forty  million  tons  per 
annum  during  the  drainage  of  the  lake,  and  to  si.xty  million  tons  after  the  drainage.  There  had, 
however,  to  be  taken  into  account  the  necessity  for  the  rapid  removal  of  the  greatest  additions 
the  waters  of  the  polder  might  receive  under  the  most  unfavorable  circumstances.  Provision  was 
consequently  to  be  made  for  the  removal  of  forty  million  tons  per  month.  The  lowest  water-level 
of  the  canals  and  ditches  after  the  draining  would  be  sixteen  feet  —  A.  P.  This  would  constitute 
a  task  for  the  full  capacity  of  one  hundred  wind-mills  of  the  largest  size. 

In  using  wind-mills  with  the  Archimedean  screw,  with  which  the  lake  could  be  emptied  in  two 
lifts  of  about  seven  feet  each,  it  would  have  been  necessary  to  have  fifty-seven  mills  on  each  lift. 
The  upper  lift  would  have  required  fifteen  months  for  its  removal.  The  second  lift  could  be  moved 
only  so  fast  as  the  mills  of  the  upper  could  lift  the  water  for  the  whole  height  of  seven  feet.  This 
would  have  required  for  the  removal  of  all  the  water  of  the  lower  lift  thirty-three  months.  Draining 
by  wind  would  therefore  have  required  four  years'  time.  Steam  would  be  able  to  remove  the  whole 
in  fourteen  months,  allowing  an  actual  working  of  two  hundred  and  fiftj'  days  per  annum.  Each 
wind-mill  would  cost  26,000  gulden,  and  would  each  cost  750  gulden  per  annum  for  maintenance, 
making  a  total,  including  interest,  of  3,700,000  gulden. 

It  was  calculated  that  the  removal  of  forty  million  tons  per  month  would  be  accomplished,  with 
the  use  of  pumps,  by  steam-engines  having  a  combined  force  of  1,084  horse-power.  In  adopting 
steam  as  the  motive  power  the  commission  undertook  an  e.xperiment  larger  than  had  ever  before 
been  attempted.  There  was  no  model  to  follow  at  home  or  abroad.  The  experience  of  the  mines 
of  Cornwall  had  demonstrated  that  the  larger  the  steam-cylinder— at  least  up  to  a  diameter  of  eighty 
inches — the  less  is  the  fuel  required  for  the  production  of  a  certain  force;  that  direct-acting  engines 
with  lifting-pumps  give  the  most  advantageous  results;  that  such  engines  of  eight)--inch  cjlinders  can 
raise  six  hundred  and  fifty  tons  of  water  three  feet  high  with  the  consumption  of  twent\--t\\o  pounds 
of  coal,  being  less  than  two  and  a  quarter  pounds  of  coal  per  horse-power  per  hour.  Making  allowance  for 
friction  and  all  draw-backs,  there  was  allowed  less  than  three  pounds  of  coal  per  horse-power  per  hour. 

The  cost  of  draining  by  steam  would  be  only  1,200,000  gulden.  After  the  removal  of  the  water, 
the  maintenance  of  the  one  hundred  and  fourteen  wind-mills  would  cost  74,100  gulden  per  annum.  The 
steam-pumps  (allowing  fifty-three  days'  work  per  annum)  would  cost   54,000  gulden. 

These  calculations  Induced  the  commission  definitely  to  employ  steam  as  their  motive  power,  and, 
in  default  of  all  example,  they  decided   to   create  an   apparatus  which   nowhere  else  existed. 

As  Hollanders  had  been  called  to  England,  to  France,  and  to  Germany  for  the  construction  of 
hydraulic  works,  they  had  no  hesitation,  born  of  national  pride,  in  employing  English  engineers  to  pre- 
pare plans  for  their  pum ping-engines. 

The  duty  was  entrusted  to  Messrs.  Arthur  Dean  and  Joseph  Gibbs,  who  contracted  to  furnish 
complete  plans  for  a  steam-engine  with  a  double  c}'linder,  the  diameter  of  the  inner  one  being  84 
inches.  Each  engine  should  have  a  force  of  three  hundred  and  fift)-  horse-power,  with  ten  strokes  per 
minute,  the  length  of  stroke  being  10  feet,  and  capable  of  raising  from  seventj'  t(^  sc\enty-fi\e  million 
pounds  one  foot  with  the  consumption  of  ninet}--four  pounds  of  coal  of  the  best  ijualit}-.  The)-  engaged 
further  to  superintend  the  construction  and  placing  of    the  machine. 
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Fig.  67.      Elevation  of  the  Leeghwater  Pump. 


Their  compensation  was  to  depend  mainly  on  the  success  of  their  plans.  They  were  to  receive 
3,000  gulden,  whether  the  Leeghwater  succeeded  or  not.  To  succeed,  the  machine  should  be  of  at  least 
three   hundred  and    fifty    horse-power,   and   should   lift    from    seventy    to   seventy-five    million   pounds    to 

the  height  of  one  foot  with  the 
consumption  of  ninety-four  pounds 
of  the  first  quality  of  Welsh  coal, 
the  circumstances  being  the  same 
as  would  obtain  when  the  \\'ater 
had  to  be  lifted  from  the  whole 
depth  of  the  drained  polder.  This 
result  being  obtained,  they  were 
to  receive  in  addition  9,000  gul- 
den. For  all  greater  result  they 
were  to  receive  200  gulden  for 
each  million  pounds  in  excess. 
The  same  plans  being  adopted 
for  the  Lijnden  and  Cruquius, 
they  were  to  receive  9,000  gulden 
for  each   of    these  machines. 

Fig.   67    represents    an    eleva- 
tion   and    Fig.   68   a    cross-section 
of    the    engine  "  Leeghwater  "  as 
actually  constructed.       The    inner 
cylinder  abed  (84   inches   in    diameter)  is  placed    immediately    within    the    larger  cylinder    (144    inches 
in  diameter).     These   cylinders    have    no    connection  at  the  bottom,   only   at  their  upper  parts.      A  solid 
piston   ,;■  works  in  the  smaller    cylinder,   and  an  annular  piston  Z  Z  in  the  larger. 

These  two  pistons  are  by  means 
of  five  piston  rods  (one  extending 
from  the  inner  piston  and  four  from 
the  segments  of  the  annular  piston) 
connected  with  a  circular  cross-head, 
to  which  they  are  securely  fastened. 
This  cross-head  and  the  pistons  them- 
selves are  heavily  loaded  with  ballast 
as  a  counterpoise  to  the  burden  of 
water. 

When  tlic  pistons  are  at  the 
bottoms  of  the  cylinders  steam  is 
admitted  beneath  the  interior  one; 
this  is  forced  upward,  carrying  with 
it  the  annular  piston,  the  cross-head, 
and  the  load  of  ballast.  At  a  cer- 
tain point  the  steam  is  cut  off  and 
the  rest  of  the  .stroke  is  by  expansion,  until  the  pistons  have  reached  the  top  of  their  cylinders. 
During  this  time  the  plungers  of  the  pumps  descend  by  their  own  weight,  and  independently  of  the 
machine,  to  the  bottoms  of  their  cylinders,  this  movement  causing  the  opposite  ends  of  the  working- 
beams  to   rise  against  the  bottom   of    the   cross-head.     At   this   moment  a  valve   is  opened   allowing  the 


Fig   68.       Cross-section   of  the   Leeghwater  Punnp. 
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steam  to  pass  to  the  tops  of  the  cyhnders.  The  interior  piston  is  then  in  equihbrium,  with  an  equal 
pressure  above  and  below  ;  and  the  expansive  force  of  the  steam  can  act  only  on  the  jippcr  side  of  the 
annular  piston,  which  it  drives  to  the  bottom  of  its  cylinder,  this  force  aiding'  that  exerted  by  the 
dead  weight  of  the  heavy  apparatus,  and  of  the  ballast,  in  drawing  down  the  inner  ends  of  the 
working-beams  and  lifting  the  plungers  of  the  pumps  with  their  load  of  water.  The  return  stroke 
being  finished,  the  equilibrium  valve  is  closed,  the  used  steam  passes  to  the  condenser,  and  live  steam 
from  the  boilers  raises  the  piston  for   the  succeeding  stroke. 

Each  of  the  eleven  pumps  is  si.xty-three  inches  in  diameter  and  has  a  stroke  of  ten  feet,  the  amount 
of  water  lifted  at  each  stroke  being  over  216  cubic  feet  for  each  pump,  or  over  2,376  for  the  whole  set,  and, 
when  running  at  full  force  over  23,760  cubic  feet  per  minute.  The  total  product  of  twenty-four  hours 
reaches  the   enormous  figure   of  34,214,400  cubic   feet,  or   1,069,200   tons,   for  a   single  engine. 

The  water  raised  by  the  pumps  flows  directly  upon  a  spilling-floor,  L  M.  As  soon  as  the  water  spread 
upon  tJie  floor  rises  higher  than  that  outside,  sluice-gates  open  of  themselves  and  allow  it  to  escape. 
This  arrangement  renders  it  unnecessary  to  lift  the  water  materially  higher  than  the  level  of  the  exter- 
nal canal,  and  gives  a  certain  economy  of  force  when  this  level  is  below  its  usual  standard,  constitut- 
ing an  important  advantage  over  the  Archimedean  screw  (Fig.  69),  which  necessarily  raises  its  water 
always  to  a  fixed   point,  causing  a  useless  expenditure  of   power  when    the  outer  waters  are    low. 

The  pumps  were  so  arranged  that  the  engine  could  work  to  its  full  capacity  during  the  early  part 
of  the  drainage,  when  the  lift  was  slight,  and  all  the  pumps  could  be 
operated  together.  As  the  level  was  lowered  and  the  lift  became 
heavier,  opposite  pairs  of  pumps  could  be  detached  successively,  and  at 
the  lift  from  the  full  depth  it  was  contemplated  to  use  only  three 
pumps. 

The  construction  of  the  building  to  receive  this  machinery  re- 
quired the  isolation  by  a  circular  dike  of  the  spot  intended  for  its 
foundation.  This  was  drained  and  dug  out  to  a  depth  of  23  feet  — 
A.  P.     At  the  bottom  of  this  deep  pit  there  were  sunk   1,400  piles,  490 

of  them,  of  oak,  being  under  the  central  tower,  and  soil  was  found  so  solid  that  it  was  impossible  to 
sink  them  to  the  desired  depth  of  40  feet.  Sometimes  twenty-five  blows  of  a  hammer  weighing  1,100 
pounds  moved    them    but    the  fraction  of    an  inch. 

The  floor,  composed  of  timbers  rather  than  of  planks,  was  secured  to  the  tops  of  the  piles,  and  on 
this  were  begun  the  enormous  walls  of  the  edifice.  In  three  months  two  and  a  half  million  bricks 
were  laid. 

The  walls  were  not  less  massive  than  the  foundation.  They  were  to  sustain  at  their  upper  part 
not  onl)'  the  eleven  working-beams  in  constant  motion,  each  weighing  22,000  pounds,  but  also  the  rods 
and  plungers  of  the  pumps  and  the  torrents  of  water  that  these  were  to  lift — 48,400  pounds  when  at 
the  depth   of  3   feet,  and   more  than   220,000  pounds  at  the  lower  limit  of  the  drainage. 

The  first  trial  of  the  Leeghwater  engine  was  made  in  September,  1845.  Those  parts  of  the  machine 
which  came  from  England  were  perfect  in  every  respect,  although  several  of  them  were  of  a  size  until 
then  unknown.  The  steam-c\-linder  was  the  largest  in  tlie  world.  This  c)-linder,  with  an  interior  di- 
ameter of  nearly  12  feet  and  a  length  of  nearly  13  feet,  weighed  24.2  tons,  the  cross-head  18.8  tons. 
The  eleven  pump-cylinders,  19  feet  long  and  6^  inches  in  diameter,  weighed  6.82  tons  each.  Having 
lain  for  a  long  time  upon  their  sides,  they  had  settled  b}-  their  own  weight,  until  the\-  had  lost  one- 
tenth  of  an  inch  of  their  circular  form.  They  regained  this  after  Ij'ing  for  some  time  in  an  inverse 
position. 

When  we  consider  the  magnitude  of  this  enterprise  we  readily  excuse  the  president  of  the  commis- 
sion and  historian  of  the  work  for  the  enthusiasm  shown  in  the  following:  "The  enormous  machine  could 


Fig.  6g.      Archimedean   Screw. 
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at  last  be  tried  in  September,  1845.  It  was  a  moment  full  of  anxiety,  bat  most  imposing,  when  the 
colossus,  put  for  the  first  time  in  motion,  travelled  off  directly — imperfectly,  it  is  true,  but  it  went. 
That  which  until  now  had  existed  only  in  the  human  mind  had  become  a  reality.  This  mass  at  once, 
as  though  animated,  presented  itself  to  our  gaze  in  its  magnificent  ensemble,  grand,  simple,  strong, 
unique  of  its  kind,  and  working  grandly.  Until  now  the  Lceghwater  had  been  but  an  attempt;  the 
"attempt  had  succeeded.  .  .  .  What  would  have  happened  if  the  attempt  had  not  succeeded  ?  The  com- 
mission would  have  been  blamed  and  condemned  ;  this  would  have  been  the  consolation  of  those  who 
had  dared  to  compromise  their  names  in  the  interests  of  a  grand  undertaking.  But,  further,  we  should 
have  expended  uselessly  one  and  a  half  million  gulden  ;  the  drainage  would  have  been  retarded  and 
discredited  beyond  measure,  the  Dutch  name  would  have  been  despised  on  every  hand,  where  it  is 
now,  because  of  the  success  of  the  Leeghvvater  machine,  honored  by  all  who  render  homage  to  science 
and    genius." 

On  the  6th  of  November,  1845,  the  Leeghwater  machine  in  full  action  was  presented  to  the 
king.  The  actual  drainage  of  the  lake  was  not  commenced  until  two  and  a  half  years  later;  but  an 
artificial  basin  was  made,  of  the  depth  of  16  feet  —  A.  P.,  and  work  from  the  bottom  of  this  demon- 
strated the  efficiency  of  the  mechanism 

In  May,  1848,  the  lake  had  been  finally  closed,  and  the  pumping  was  commenced  with  this 
machine  alone,  the  other  two  not  being  ready  for  work  until  April,  1849.  During  this  whole  period  of 
eleven  months  the  Lceghwater   reduced   the   water-level   only   5)^    inches. 

In  the  erection  of  the  buildings  for  the  "Lijnden"  the  contracter  found  so  firm  a  foundation  and 
such  good  material  that  a  small  pump  worked  by  two  horses  was  sufificient  to  keep  the  bed  diy. 
At  the  "  Cruquius,"  however,  at  a  depth  of  19  feet,  he  struck  a  bed  of  shells  from  which  water  and 
quicksand  poured  in  on  every  side  as  through  a  sieve.  He  established  and  maintained  in  action,  night 
and  day,  three  pumps  with  si.xty  horses  and  a  six  horse-power  steam-pump.  The  deeper  they  sank 
the  greater  became  the  difficulty,  until  the  caving-in  of  the  whole  bank  became  imminent.  Believing 
the  case  to  be  hopeless,  he  announced  to  the  president  of  the  commission  that  he  had  ceased  a  work 
which  insurmountable  obstacles  rendered  impossible,  and  asked  a  discharge  from  his  contract.  The 
reply  was:  "All  means  are  not  yet  exhausted;  there  is  room  on  your  encircling  bank  for  a  fourth 
horse  pump  and  a  second  steam-pump.  The  caving-in  can  be  prevented  by  sheet-piling.  When  these 
means  have  been  tried  and  found  insufficient,  then,  and  then  only,  will  force  majeure  be  established. 
Until  these  have  been  tried  the  commission  cannot  discharge  you,  and  you  will  be  immediately 
prosecuted  for  an  abandonment  of  the  work;  but  we  will  come  to  your  aid,  and  will  add  10,000 
gulden  to  your  compensation  if  )'0u  immediately  apply  the  means  indicated,  especially  the  sheet-piling," 
An  agreement  was  at  once  signed,  and  the  next  day  work  was  resumed  with  unconquerable  force 
and  tenacity.  The  burgomaster  of  the  city  of  Leyden  furnished  sixty  additional  men  ;  the  fourth 
horse-pump  and  a  ten  horse-power  steam-pump  were  added.  All  this  pumping  apparatus,  12  immense 
pile-drivers,  450  workmen,  and  83  horses  were  in  full  activity  in  and  about  the  excavation.  The  top 
and  slope  of  the  bank  were  covered  with  sheds,  shanties,  stables,  materials,  forage ;  ever)'thing  was 
in  rapid  action,  carting,  wheeling,  turning,  drawing,  and  working,  and  all  amidst  the  most  cheerful 
songs  and  cries.  While  they  gained  slowly,  inch  by  inch,  on  the  rushing  water,  the  12  pile-drivers 
sunk  the  enormous  piles  of  pine  and  oak.  All  this  activity  of  movement,  persistent,  obstinate, 
apparently  incoherent,  yet  perfectly  regulated — this  mass  of  men  and  animals  gathered  in  so  narrow 
a  space  in  the  midst  of  water  and  mud — all  worked  together  for  the  sole  end  of  conquering  for 
a  few  moments  the  effects  of  the  natural  law  tliat  leads  water  to  seek  its  level.  The  skill  and  energy 
of  man  triumphed  over  nature.  Soon  1,700  well-driven  piles,  1,000  of  them  of  oak,  were  covered  with 
their  heavy  floor;  the  foundations  were  laid  upon  this,  and  the  walls  arose  above  the  waves  of 
the  lake. 
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The  construction  of  these  two  engines,  with  their  puni])s,  varied  in  no  material  point  from  tliat 
of  the  successful  Leeyhwater,  but  some  minor  modifications  delayed  their  completion,  so  that  only 
in   April,    1849,   '^^'^  they  fairl)'  begin   their  work. 

Every  part  of  the  machinery,  as  well  as  of  the  buildings  to  receive  them,  had  to  be  originated 
and  constructed  from  theoretical  plans  only.  Some  parts  were  made  in  Amsterdam,  and  others  in 
England,  and  the  erection  was  done  by  mechanics  of  both  countries,  who  had  great  difificulty  in  un- 
derstanding each  other  until  they  had  invented  a  Dutch-English  patois,  unintelligible  to  others,  but 
quite  effective  for  their  own  purposes,  and  which  is  still  the  language  of  the  pumping-stations. 

Although  the  dike  was  made  very  largely  of  peat,  the  amount  of  infiltration  due  to  this  cause 
was  but  slight.  There  were,  however,  developed,  especially  near  the  entrance  to  the  Spaarne,  several 
formidable  streams  of  infiltration  through  porous  strata  lying  beneath  the  canal.  During  the  early 
years  of  the  polder,  before  these  channels  had  become  choked  with  sediment,  they  had  a  sensible 
effect    on    the    water-level    of    polders    lying   beyond    the    canal. 

An  inspecting  commission  in  i860  reported  that  the  drainage  of  the  polder  was  improving  year 
by   year,    and    that    there    was    no    longer    any    serious    annoyance    from    infiltration. 

As  has  been  stated,  in  April,  1849,  ^^  Leeghwater  had  reduced  the  level  of  the  lake  5^ 
inches,  and  the  real  drainage  may  be  said  to  have  begun   at  this  point  (about   31    inches  — A.   P.) 

From  this  time  the  lowering  of  the  water  was  constant,  except  for  short  intervals  during  winter 
when  the  rise  of  the  water  in  the  outer  basin  required  the  pumps  to  suspend  action.  Earl}-  in 
July,  1852,  the  lake  was  dry.  The  whole  time  occupied  was  thirty-nine  months,  instead  of  four- 
teen   months    as    contemplated. 

The  amount  of  water  lifted  by  the  pumps,  which  made  together  over  14,000,000  strokes,  was  over 
900,000,000  tons,  nearly  50  per  cent,  more  than  was  originally  contemplated.  This  excessive  amount  was 
due  in  a  great  degree  to  the  infiltration,  which  in  all  such  work  is  much  the  greatest  during  its  early 
years,   before  the   filtering  beds  have    become    filled    with   sediment. 

The  removal  of  this  greater  quantity  of  water,  the  time  lost  in  awaiting  the  reduction  of  the  basin 
to  the  level  at  which  pumping  was  allowed  to  be  resumed  in  accordance  with  the  contract  with  the  Rijn- 
land,  the  occasional  choking  of  the  valves  of  the  pump  b\'  accumulations  of  silt,  delaj'  amounting  in 
the  aggregate  to  three  months  for  each  machine  caused  by  accidents  to  their  parts,  and  the  time  re- 
quired to  excavate  the  canals  by  which  the  water  was  led  from  the  centre  of  the  lake  to  the  different 
pumping-stations,  these  all  combined  to  prolong  the  work,  the  most  serious  consequence  of  which  was 
the  addition  of  a   large  amount  of  interest  money  to  the  cost. 

The  actual   time  of   the  luorkiiig  of  the   pumps  was   nineteen  and   a  half  months. 

In    i860  it   was   decided   that    the  level   of   the   water   in   the  polder  should   not    be  allov/ed   to   stand 

higher  than    15^   feet  —  A.   P.      The  level  of  the  lowest  part   of  the  land   is    14  feet  —  A.   P. 

It  may  be  well  to  introduce  here  a  note  written  concerning  a  visit  made  to  the  Lijndcn  machine 
in   the  autumn   of   1875  : 

Having  occasion  to  make  a  second  visit  to  Amsterdam,  and  being  much  favored  b)'  the  weather 
— it  had  poured  in  torrents  for  some  days,  so  that  all  the  draining  wind-mills  in  Holland  were  straining 
their  broad  sails  to  make  head  against  the  growing  flood — I  had  an  opportunity  to  see  the  great  pump- 
ing-engine  (the    Lijnden,  which   I    had  examined  at  rest   two   years  before)   in   full  work. 

Mr.  Van  de  Poll,  the  Dijkgraaf,  kindly  drove  us  from  the  station  to  the  engine  at  Halfway,  where 
the  six  paddle-wheeb  were  slowly  but  steadily  and  forcibly  thrusting  the  tide  of  the  encircling  canal 
through  the  sluice-gates  into  the  Ij.  Thence  we  went  to  the  Lijndcn,  which,  before  we  came  in  sight, 
announced  itself  by  long,  slow  aspirations,  as  of  some  mighty  monster  of  the  deep.  As  we  drew  near 
we  saw  the  ponderous  working-beams  slowly  and  smoothly  rising  and  falling  as  though  gently  waving 
an  adieu  to  the  waters  of  the  polder.  Even  as  we  walked  around  the  outer  gallery,  and  saw  seven 
of  the  pumps  discharging,  seven  times  per   minute,  each    one  its  eight  tons  of  water  on  to  the  spilling- 
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floor,  there  was  no  more  apparent  effort  or  strain  than  in  the  dipping  of  spoonfuls  from  a  wine- 
glass. 

The  great  pistons  and  the  enormous  load  of  ballast  were  raised  by  the  direct  pressure  of  the  steam, 
and  in  their  fall,  aided  by  the  expansion  against  the  top  of  the  annular  piston,  they  raised  the  plung- 
ers with   their  burden  of   water. 

It  would  be  useless  to  attempt,  by  description  or  by  computation,  to  give  the  reader  the  im- 
pression which  this  vast  artificial  flood  produces  on  one  who  sees  it  for  the  first  time.  The  stream 
as  it  flows  from  the  spilling-floor  to  the  canal  is  too  deep  and  too  broad  to  be  very  turbulent;  but 
the  seven  columns  of  water,  more  than  five  feet  in  diameter  and  ten  feet  high,  rising  at  such  rapid 
intervals,  convert  the  whole  chamber  above  the  floor  into  a  foaming  torrent  which  is  vastly  impressive 
from  the  depth  and  force  of  its  universal  movement,  the  water  boiling  and  tumbling  as  in  a  seething 
caldron  over  Titanic  fires.  The  Dijk'graaf,  wishing  to  give  us  a  yet  clearer  idea  of  the  capacity  of 
the  pumps,  caused  the  gates  to  be  closed,  emptying  the  chamber  back  into  the  lake.  And  then  the  work 
began  anew.  As  the  contents  of  the  seven  pumps  at  the  first  stroke  discharged  themselves  over  the 
spilling-floor,  and  as  volume  after  volume  was  added  to  the  mass,  there  was  a  more  obvious  demonstra- 
tion of  the  gigantic  capacity  of  the  machinery  than  we  could  have  received  in  any  other  way.  As  the 
water  rose  to  the  level  of  that  in  the  encircling  canal,  the  sluice-gates  hung  for  a  moment  in  the 
balance,  and  with  the  next  stroke  of  the  pumps  slowly  swung  back  on  their  hinges,  giving  outlet  to 
the  flood  whose  uninterrupted  movement  for  so  many  months  was  needed  for  the  draining  of  the 
Haarlem  Lake  I  thought  that  I  had  realized  before  the  enormous  meaning  of -this  work;  but,  seeing 
the  actual  movement  of  the  machinery  and  the  torrent,  I  found  that  imagination  had  been  entirely 
powerless  to  compass  the  stupendous  fact. 

From  the  Lijnden  we  drove  some  miles  over  the  well-made  roads  at  the  bed  of  the  lake,  passed 
through  one  of  its  busy  villages,  and  later  through  the  beautiful  suburbs  of  Haarlem,  whence  we 
went  to  Leyden  and  to  the  charming  chateau  d'Endegeest  for  a  pleasant  hour  with  Mr.  Gevers,  now 
eighty-three  years  of  age  and  still  happy  and  enthusiastic  over  the  success  of  the  work  in  the  exe- 
cution   of  which,  as  president  of  the  commission,  he  bore  so  important  a  part. 

For  want  of  time  I  could  not  inspect  the  work  on  the  North  Sea  Canal,  but  it  is  progressing 
rapidly,  and  it  is  probable  that  within  a  year  the  Ij  will  all  be  drained,  and  the  canal  ready  for 
the  passage  of  small  vessels. 

The  drainage  of  the  Zuyder-Zee  is  still  under  discussion  as  to  its  details,  but  it  seems  a  foregone 
conclusion  that  the  work  cannot  be  much  longer  delayed.  Mr.  Amersfoort  is  now  preparing  models 
to  illustrate  this   project  for  exhibition  at  Philadelphia  next  year. 

The  work  of  draining  was  not  without  its  serious  drawbacks.  The  Administration  of  the  Rijniand 
was  flooded  with  complaints  coming  from  land-owners  and  the  Administrations  of  the  polders  concern- 
ing the  bad  effect  of  the  work  upon  their  established  interests  ;  petitions  to  the  same  effect  were  also 
sent  to  the  commission,  to  the  king,  to  the  States-General,  to  the  Minister  of  the  Interior.  Some  of 
these  complaints  were,  no  doubt,  well  founded,  but  too  many  of  them  originated  in  fears,  misconceptions, 
or  still  worse  motives.  They  relate  mainly  to  an  undue  elevation  of  the  waters  of  the  basin,  and  were  met 
by  the  commission  with  the  general  .statement  that  the  basin  was  no  worse  off  in  this  respect  than  it  had 
been  before  the  closing  of  the  lake;  that  serious  dangers  then  existing  had  been  removed;  and  that  the 
means  for  accelerating  the  flow  from  the  basin  to  the  sea^the  larger  canal  at  Katwijk  and  the  engines 
at  Spaarndam—  more  than  compensated   for  the  amount  of  water  delivered    into   it   from  the  new  polder. 

During  the  whole  course  of  its  work  the  commission  was  annoyed  by  innumerable  complaints  from 
every  side  and  on  every  ground.  Some  of  these  were  well  founded  and  received  attention,  but  the 
majority  were  either  chimerical  or  malicious,  though   none  the  less  perplexing. 

Petitions,  addresses,  and  complaints  poured  in  incessantly,  and  divided  the  communities  interested 
like  petty  questions  of  politics. 

The  delays  that  arose  from  all  causes  amounted  in  the  aggregate  to  about  six  years,  but  still  the 
8,000,000  gulden  appropriated  for  the  work  was  not  materially  exceeded  so  far  as'the  items  originally 
contemplated  were  concerned. 
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The  lake  had  been  pumped  out,  and  the  excavation  of  the  minor  canals  and  ditches  had  begun 
in  1852,  occupying  the  time  until  1855,  during  which  year  the  sale  of  the  land  was  finally  concluded. 
In  1856  the  polder  was  given  over  to  its  new  direction,  but  the  pumping-machine  at  Gouda,  the  last 
item    of  the   work,  was   not    finished   until    March,    1858;  one  month   later   the  commission  dissolved. 

In  addition  to  the  drainage  of  the  lake  itself,  it  was  an  important  part  of  the  plan  of  the  com- 
mission to  establish  steam  water-wheels  at  Spaarndam  and  Halfway  on  the  Ij  to  hasten  the  outflow 
of  the  water  of  the  basin  of  the  Rijnland.  These  accessories  were  believed  to  be  necessary  to  com- 
pensate for  the  lost  effects  of  winds  in  driving  the  water  toward  one  or  the  other  of  these  outlets 
before  the  lake  was  drained.  They  must  also  be  very  important  to  the  future  interests  of  the  polder 
by  keeping  the  Rijnland  basin  low  enough  for  the  pumps  to  be  worked  at  all  seasons.  The  principle 
on  which  these  wheels  operate  is  the  same  as  that  of  the  water-wheel  used  in  wind-mill  pumping, 
and  shown  in  Fig.  70.  The  work  of  lifting  the  water  is  performed  by  a  reversed  paddle-wheel  ar- 
ranged as  shown.  The  water  is  raised  over  a  dam  and  discharged  through  valve-gates,  opening  into 
water  at  a  higher  level.  When  the  wheel  is  not  in  operation  the  water  in  which  it  stands  falls  back 
to  the  inner  level,  and  the  gates  are  closed  by  the  pressure  of  the  higher  water  without.  When  the 
wheel  is  set  in  movement  it  forces  the  inner  water  over  the  dam, 
lifting  it  to  such  a  height  that  it  opens  the  gates  and  flows  outward. 

At  Halfway  there  are  six  of  these  wheels — three  on  each  side 
of  the  engine.  Each  wheel  has  a  6i-foot  breast  and  is  21}^  feet 
in  diameter.  In  3,623  hours'  work  they  consumed  787^3  pounds  of 
coal  per  hour.  Their  average  lift  was  20  inches  and  the  total  dis- 
placement of  water  was  202,765,406  tons,  with  a  working  force  of 
92  horse-power  and  a  consumption  of  9  pounds  of  coal  per  horse- 
power per  hour. 

The  apparatus  at  Spaarndam  is  of  about  twice  the  power  of 
that  at  Halfway.  Its  trial  showed  that  the  six  wheels,  having  a 
united  width  of  45.92  feet,  revolving  for  thirty-eight  minutes, 
raised  the   level  of  the  water  in   the   test    basin   25^   inches.     Two 

wheels  were  then  disconnected,  and  four,  with  the  united  width  of  32.8  feet,  revolving  for  twenty-seven 
minutes,  raised  the  waters  12  inches  more.  A  computation  of  the  area  of  the  test  basin  showed  that 
with  the  six  wheels  932.36  cubic  feet  had  been  raised  per  minute  by  each  foot  in  width  of  the  wheel, 
and  that  the  four  wheels  had  raised  to  the  greater  height  907.25  cubic  feet  for  each  foot  in  width  of  tlie 
wheels. 

From  the  beginning  of  its  work  until  the  complete  drainage  of  the  lake  in  July,  1852,  this  machine 
alone  threw  into  the  sea  946,075,000  tons  of  water  during  13,000  hours  of  work.  This  exceeded  b}- more 
than  ten  per  cent,  the  whole  amount  of  water  thrown  into  the  basin  of  the  Rijnland  by  the  drainage  of 
the  lake.  The  consumption  of  coal  during  the  whole  time  was  7,480  tons,  about  1,150  pounds  for  each 
hour's  work. 

It  was  demonstrated  during  the  progress  of  the  work  that  the  condition  of  the  Rijnland  would  not 
be  so  satisfactory  as  to  prevent  complaint  of  the  drainage  of  Haarlem  Lake  as  a  source  of  anno)-ance 
unless  measures  were  adopted  to  improve  the  outlet  toward  the  south  through  the  Gouwe  Canal  into 
the  Ijssel,  at  Gouda.  If  there  was  any  weak  point  left,  this  was  it.  Many  projects  were  suggested,  and 
much  time  was  lost  in  considering  plans  and  objections.  It  was  finalh-  determined  to  build  at  Gouda  a 
steam  apparatus  with  patldlc-wheels,  similar  to  those  at  Siiaarnd.ini  and  Halfwa),  to  cmpl)'  the  water  of 
the    Rijnl.ind    into    the    River    Ijssel. 

The  engine  is  of  120  InMse-power,  and  the  construction  is  similar  in  all  essential  respects  to  that  at 
Halfway,  except   that  there  is  no  breast,  or  daro,  in   front  of  the  wheels.      Their  action   has  the   effect   of 
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Fig.  70.       Pumping-Wheel. 
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pressing  the  water  forward  in  a  continuous  stream,  raising  it  to  a  sufficient  height  to  open  the  sluice- 
gates and  discharge  into  the  river. 

The  average  rise  of  the  tide  at  Gouda  is  to  four  feet  -\-  K.  P.  To  overcome  this,  the  axles  of  the  wheeb 
are  placed  at  seven  feet -|- A.  P.  The  wheels  make  but  five  revolutions  per  minute;  they  have  each 
a  width  of  ^y^  feet  and   a  diameter  of  24^    feet. 

The  supply  of  fresh  water  to  the  polders  in  this  part  of  the  Rijnland  is  very  important,  and  there  is 
an  arrangement  by  which  the  wheels  can  be  thrown  out  of  gear  and  allowed  to  turn  freely  when  water 
is  needed  for  the  alimentation  of  the  polders ;  it  is  then  only  necessary  to  open  the  flood-gates  at  the 
Ijssel  and  allow  the  water  to  enter  with  no  further  interruption  than  the  simple  turning  of  these 
wheels. 

A  very  important  part  of  the  plan  of  the  improvement  was  that  which  related  to  the  subsequent 
division  of  the  land  by  means  of  canals  and  smaller  ditches,  these  being  needed  not  only  to  collect  the 
drainage-water  of  the  polder  and  convey  it  to  the  pumps,  but  also  to  afford  means  for  local  transporta- 
tion in  and  among  the  farms,  and  especially  to  constitute  the  basin  of  the  new  polder — that  is,  a  suffi- 
cient reservoir  to  receive  the  water  of  the  heaviest  rains  without  allowing  the  land  itself  to  be  over- 
flowed. Besides  these  canals  and  ditches,  constituting  the  basin,  roadways  and  bridges  were  also 
needed. 

The  plan  for  the  division  of  the  polder  is  shown  in  Fig.  71.  This  plan  was  made  in  advance  of 
the  drainage,  after  a  triangulation  survey  and  a  careful  series  of  soundings  for  depth,  taken  in  winter 
while  the  lake  was  frozen.  The  soundings  were  made,  not  only  to  discover  the  lowest  points  of  the 
bottom  and  secure  their  drainage  by  the  shortest  route,  but  also  to  determine  the  depth  of  peaty 
and  other  light  material,  which  would  be  subject  to  depression  or  settling  after  the  water  should  be 
withdrawn  from  it  ;  this  was  especially  important  with  reference  to  the  establishment  of  a  summer  level 
of  the  water,  which  should  be  sufficiently  lower  than  the  finally  settled  surface  to  allow  dry  soil  for 
vegetation. 

The  summer  level  was  definitely  fixed  at  15^  feet  —  A.  P.,  and  the  depth  of  the  bottom  of  the 
canal  at    19}^    feet  —  A.  P. 

It  was  believed,  and  the  result  has  shown,  that,  having  in  steam  an  accessory  which  may  be  ap- 
plied at  any  desired  moment,  the  basin  might  be  materially  smaller  than  in  cases  where  it  would 
need  to  hold  the  accumulation  between  sufficient  winds,  if  wind-power  alone  is  depended  upon.  For 
ordinary  polders  drained  by  wind-mills,  from  one-tenth  to  one-twelfth  of  the  whole  area  is  allowed 
for  the  basin.     With  efficient  steam-pumps  one-twentieth  is  enough. 

By  reference  to  the  plan,  it  will  be  seen  that  a  long  canal  follows  the  longitudinal  axis  of  the 
polder  in  nearly  a  straight  line  from  the  Lijnden  to  the  Leeghwater  (pumps).  Another  crosses  it  about 
midway  of  its  length  and  delivers  at  the  Cruquius;  these  canals  have  a  width  of  80  feet.  Besides 
these,  there  are  four  smaller  canals  lengthwise  of  the  lake,  and  six  crossing  it.  The  whole  area  is 
further  divided  by  smaller  ditches  into  tracts  of  about  fifty  acres  each. 

The  length  of  the  large  canals  is  18.63  miles,  and  of  the  smaller,  93.15  miles.  In  addition  to 
these,  roads  were  established  for  a  length  of  122  miles,  and  sixty-five  bridges  were  constructed  over 
the  canals. 

The  digging  of  the  large  canals  had  to  proceed  gradually  as  the  water  was  removed,  and  the 
necessity  for  opening  them  to  draw  the  water  from  the  centre  of  the  lake  to  the  pumping-stations 
caused  material  delays  in  the  general  operations  of  draining.  This  work  frequently  cmploj'ed  2,000 
men. 

For  some  years  after  the  first  completion  of  the  interior  water-courses  frequent  cleaning  was 
neces.sary  to  keep  them  in  order.  The  whole  mass  of  earth  in  parts  of  the  lake  was  still  so  soft  that 
horses  could  only  plough  with  broad  wooden  sabots  on  their  feet,  and  the  slopes  and  beds  of  the  water- 
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courses  were  difficult  to  maintain  in  good  condition.     In  June,    1856,  the  basin    was   in   sufficiently  good 
condition  to  require  no  further  expense  on  the  part  of  the  commission. 

The  size  of  the  polder  to  the  interior  of  the  encircling  canal  is  44,659  acres;   of  this,  41,648  acres  are 
valuable  land  subject  to  tax- 
ation ;  the  remainder  is  made 
up  of  roads  and  water-ways. 

Canals  and  ditches  have 


been  dug  for  a  length  of  near 
ly  750  miles,  and  roads  have 
been  made  for  a  length  of 
133^  miles  within  the  dike, 
and  a  tow-path  of  Z7V\  miles 
adjoining  the  canal.  The 
total  length  of  water  courses 
and  roadways  is  919  miles. 

When  the  polder  had 
been  divided  by  ditches  into 
areas  of  fifty  acres  each,  and 
it  was  proposed  to  sell  the 
land,  an  offer  was  made  by  a 
foreign  association  to  buy 
the  whole  for  120  gulden  per 
acre.  There  were  many  ob- 
jections to  this,  an  insur- 
mountable one  in  the  fact 
that  those  who  held  the 
bonds  of  the  drainage  loan 
had  the  right  to  use  these  at 
par  in  paj'ing  for  land  to  be 
sold  when  the  work  should 
be  completed. 

The  first  public  sale 
took  place  in  August,  1853, 
in  that  part  of  the  lake  over 
which  the  city  of  Leyden 
claimed  ownership.  In  the 
midst  of  the  crowd  of  buy- 
ers and  spectators  there  ap- 
peared an  officer  of  the 
court,  who  read  in  a  loud 
voice  the  protest  of  the  city 
against  the  sale,  and  threat- 
ened with  prosecution  any 
purchaser  who  might  at- 
tempt to  occupy  his  land, 
undisturbed    possession. 


HwlROr-DLL 


Fig   71. 
This  was  met  by  a  guaranty  of    the  government  securing  all  purchasers  in 


At  the  last  great  sale  of  similar  land  which  had  been  made  it  had    brought  69  gulden    per  acre  ;  a 
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higher  price  was  expected  here,  because  of  the  close  vicinity  of  several  cities,  and  of  the  fact  that 
many  large  proprietors  in  the  neighborhood  would  wish  to  increase  their  domains.  It  had  been  hoped 
that  So  gulden  would  be  reached.  The  foreign  association  had  offered  I20  gulden.  To  the  great  as- 
tonishment of  all,  this  first  sale  brought  an  average  of  298  gulden  per  acre.  Some  of  the  land  subse- 
quently sold  was  less  advantageously  situated  and  the  prices  were  lower,  but  the  average  of  the  whole 
lake  was  192.27  gulden  per  acre.  The  sum  realized,  together  with  the  value  of  about  250  acres  reserved 
for  villages,  etc.,  was  over  8,000,000  gulden. 

The  basin  of  the  Rijnland  (the  area  to  receive  the  water  pumped  from  the  polders\  as  has  already 
been  stated,  was  reduced  to  about  one-fifth  of  its  original  size,  but  no  inundation  of  a  polder  has  re- 
sulted from  this.  Many  of  them  would  have  been  drowned,  as  in  1836,  if  the  broad  basin  had  been  in 
existence  in  February,  i860,  when  a  fearful  tempest  reigned  for  twenty-four  hours  in  all  the  land.  For- 
merly the  huge  lake,  in  prolonged  storms,  buried  half  the  leeward  country,  filling  entire  polders,  reach- 
ing into  the  streets  of  Leyden  and  Haarlem,  or  beating  at  the  very  gates  of  Amsterdam.  The  drain- 
ing has  rendered  such   disasters    for    ever    impossible. 

The  effect  of  the  wheel-engine  at  Gouda  has  hardly  been  less  important  ;  it  acts  on  the  basin  of  the 
Rijnland  by  reducing  the  level  of  the  Gouda  Canal,  thus  radically  relieving  all  the  polders  which  depend 
upon  this  for  their  outlet. 

The  cost  of  running  the  three  steam-pumps  during  the  four  years  covering  the  time  of  the  drainage 
was  as  follows : 

Maintenance,  repair,  and  improvements  of  machinery,  .  .  80,120  gulden. 

Attendance,  ........  61,875        " 

Coal,  .........  229,426       " 

Lubricating   material,       .......  20,670       " 


Total, 392.091 

The   total   cost  of  the  work    from   its  inception  until  it  was  given   over   to  the   Administration  of  the 
new  polder  in  1856  (not  including  interest   and  commission  on  the   loan)  was  9,377,512  gulden,  divided  as 
follows : 

Works    for  the  discharge    of  waters  from    the    basin    of   the   Rijnland 

(wheel  engines,  Katwijk  Canal,   etc.),  ....     1,373,473  gulden. 

The  encircling  canal  and  dikes,       .  .  .  '  .  .  .      1,988,257       " 

Land   purchases,       ........        684,513       " 

Three  pumping-engines  and  the  cost  of  maintaining  and  running  them,  2,405,433  " 
Works  connected  with  the  navigation  of  the  canal  and  Spaarne,  etc  ,  •  196,815  " 
Works  for  the   defence  of  the  capital  by  inundation,    .  .  .        275.920       " 


The  division  of  the  polders,  roads,  canals,  etc.. 
Repairs,  etc.,  ..... 

Expenses  of  the  commission,  police,  lawsuits,  etc., 
Expense  not  provided  for  in    the  original   estimate. 


1,325,828 

434.917 

644.975 

47.381 


Aside  from   the  addition  of  this  valuable   territory,  with  its    costly  works,  to    the   taxable  capital  of 
the   kingdom,  the    following   cash   returns   were   realized : 

Received    for  rents,  pasture-rights,   sale  of  material,  etc.,           .              .  5 5.609  gulden. 

The  sale   of  land,   including  the  value  of  the   small  amount   retained,  8,032,781        " 

Received   from    purchasers   as   pumping-tax,         .              .              .              .  184,187       " 
Received   for   fuel,    lubricants,   and    work  at    the    different    pumping- 

stations  on   turning  them  over  to  the    polder    and   the  Rijnland,  72,415       " 

Total, 8,344,992       " 
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Leaving  the  question  of  interest  out  of  the  account  (and  much  of  this  was  due  to  delays  for  which  the 
commission  was  not  responsible),  the  net  cost  of  the  improvement  was  1,032,520  gulden,  or  $413,008  gold 
— less   than   $10  per  acre  for  the   land  added  to    the  taxable  estate  of  the  kingdom. 

The  historian  of  the  work  closes  his  account  of  the  material  gain  to  the  state  as  follows  :  "  But 
this  is  not  all  ;  we  have  driven  for  ever  from  the  bosom  of  our  country  a  most  dangerous  enemy  ;  we 
have  at  the  same  time  augmented  the  means  for  defending  our  capital  in  time  of  war.  We  have  con- 
quered a  province  in  a  combat  without  tears  and  without  blood,  where  science  and  genius  took  the 
place  of  generals,  and  where  polder-jongens  were  the  worthy  soldiers.  Persevering  to  surmount  the 
obstacles  of  nature  and  those  created  by  man,  the  country  has  accomplished,  to  its  great  honor  and 
glory,  one  of  the  grandest   enterprises  of  the  age." 

The  commission  served  long  and  faithfully  without  compensation.  Its  members  accepted  as  a  suf- 
ficient recompense  these  five  words,  inserted  in    1852  in    the   ofificial  journal,  Lc  Lac  est  a  sec. 

In  my  own  visit  to  the  polder,  after  examining  Mr.  Amersfoort's  farm  just  within  the  dike,  I 
walked  along  the  tow-path  of  the  canal  to  the  pumping-engine  at  Lijnden,  which  is  in  charge  of  an 
English  engineer,  and  which  was  even  more  stupendous  than  I  had  imagined.  It  works  now  mainly 
during  winter  with  seven  pumps,  making  seven  strokes  per  minute,  and  lifting  fifty-six  tons  of  water  at 
each  stroke  ;  the  lift  is  fifteen  feet,  three  feet  below  the  general  level  of  the  land  in  the  polder.  There 
are  consumed  about  twenty  nine  tons  of  German  coal  per  day.  This  engine,  as  well  as  the  Cruquius 
and   Leeghwater,  works  about   three   months  during  the   year,  day    and   night. 

I  went  some  distance  into  the  lake,  which  yet  has,  as  compared  with  the  older  polders  like  the 
Beemster,  a  somewhat  new  look,  though,  with  a  population  of  from  11,000  to  12,000  mainly  devoted 
to  agriculture  and  with  farms  of  small  size,  there  is  much  more  activity,  more  cultivation,  and  very 
much  greater  evidence  of  good  farming  than  are  to  be  found  in  new  districts  in  our  own  country.  There 
is,  after  visiting  the  older  drainages,  nothing  of  special  interest,  so  far  as  I  was  able  to  learn,  except 
the  immense  initial  fact  of  the  reclaiming  of  this  vast  polder  from  the  domain  of  the  sea.  Here, 
incidentally,  one  can  best  study  the  customs  of  the  whole  kingdom,  for  the  inhabitants  have  come 
from  every  province  and  each  has  built  and  does  his  farming  according  to  the  practices  of  his  former  home. 

In  this  vast  plain,  so  lately  the  bottom  of  a  deep,  navigable  lake,  straight  roads  are  bordered 
with  trees  ;  substantial  and  often  elegant  farm-houses  are  seen  on  everj'  hand ;  over  30,000  letters  are 
distributed  annuall}- ;  throughout  the  whole  commune  there  are  police,  cemeteries,  fire  engines,  all 
the  appliances  of  Dutch  civilization,  as  well  organized  as  in  any  of  the  older  districts  ;  periodical  cattle 
markets  are  regularly  held;  the  diligence  makes  its  stated  trips;  a  steam-boat  plies  on  the  encircling 
canal;  grain  mills  are  at  work,  and  all  the  necessaries  of  life  are  obtained  within  the  polder;  in  the 
villages  are  artisans,  manufacturers,  and  professional  men  of  all  sorts — in  a  word,  thrift,  industr}', 
and  prosperity  have  taken  complete  possession  of  the  polder. 

Nearly  opposite  the  Lijnden,  on  the  other  side  of  the  canal,  is  the  Aker  polder  of  738  acres,  which 
is  entirely  drained  and  kept  in  satisfactory  condition  by  a  small  wind-mill,  which  has  been  running 
for  250  3-ears,  driving  a  paddle-wheel  that  lifts  the  water  about  4  feet.  Each  of  the  four  sails  of  this 
mill    is    only    about    22    feet    long. 

A  little  further  on  toward  Halfway  is  the  Lutke  meer,  containing  452  acres,  lying  11^  feet 
below  the  level  of  the  canal.  This  is  a  new  reclamation,  and  was  pumped  out  in  si.x  months  in  1864 
by  a  centrifugal  pump  having  a  diameter  of  18  inches,  and  delivering  through  a  twelve-inch  iron 
pipe.  This  pump  consumes  85  pounds  of  coal  per  hour,  and  the  engine  is  of  12  horsepower.  The 
polder  is  in  good  condition,  but  requires  the  constant  working  of  the  pump  for  seven  months  of 
the  year. 

The  pumping-wheels  at  Halfway  I  was  not  able  to  examine,  as,  owing  to  the  low  stage  of  the 
water    in    the    basin,    their   operation    was    not    required. 
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At  Haarlem  I  was  fortunate  enough  to  make  the  acquaintance  of  Mr.  Van  de  Poll,  the  Dijk- 
graaf  of  the  Haarlem  Lake  polder,  who  is  the  custodian  of  the  documents  and  maps  relating  to  tie 
improvement,  and  is  in  charge  of  all  matters  connected  with  the  removal  of  water  and  the  protection 
of  the  works.     From  him   I   obtained  much  valuable  engineering  information. 


The  average   annual    rainfall  in   the   Haarlem  Lake  for  ten    years,  end 
ing  in  1872,  was,  ...... 

The  average  for  the  first  four  months  of  the  year, 

The  average   for   the  second   four  months  of   the  year,     . 

The  average   for  the   third   four   months  of  the  year. 

The  average  work  of  the  pumps  was,  .... 

The   average  for  the  first   four  months  of  the  year. 
The  average   for  the  second    four  months   of  the  year. 
The  average   for   the  third   four  months  of  the    year, 

The  average  annual  consumption  of  coal  was  2,690  tons. 


31.267  inches. 

7.472  " 
10.503  " 
13.292      " 

5,584!  hours. 

2,2541      " 
398*      " 

2,932 


THE   DUTY   OF  THE    PUMPS. 

The  three  pumping-engines  of  the  Haarlem  Lake  were  designed  by  Messrs  Gibbs  and  Dean,  Eng- 
lish engineers,  and  were  set  up  and  put  in  operation  under  the  immediate  supervision  of  Mr.  Dean. 
The  contract  for  the  plans  was  made  in  1842.  It  was  required  that  each  machine  should  have  at 
least  350  horse-power,  should  lift  from  seventy  to  seventy- five  million  pounds  one  foot  high,  with  a 
consumption  of  ninety-four  pounds  of  the  best  quality  of  Welsh  coal,  under  the  conditions  that  would 
obtain  after  the  draining  of  the  lake — that  is,  with  the  full  lift.  In  any  case  $1,200  were  to  be  paid  for 
the  plans,  and  if  the  guaranteed  result  was  obtained,  a  further  payment  of  $3,600  was  to  be  made  for 
each  machine.  If  the  duty  exceeded  seventy-five  million  pounds,  the  engineers  were  to  receive  $80 
for  each  million   in  excess. 

It  was  found  inconvenient  to  obtain  Welsh  coal  for  the  experiment,  and  an  effort  was  made  to 
determine  the  duty  by  a  comparison  of  the  different  evaporating  powers  of  the  German  coal  used 
and  of  the  Welsh  coal  prescribed.  The  calculation  resulting  seemed  to  show  that  the  full  prescribed  duty 
had  not  been  secured.  The  engineers  insisted  on  the  trial  with  the  Welsh  coal.  It  was  found  that 
this  would  lead  to  delay  and  to  possible  danger  of  over-ta.xing  the  machines,  and  the  commission 
finally  proposed  to  pay   the   stipulated  $3,600  for   each   machine,   a  proposition  which   was  accepted. 

The  historian  of  the  work,  after  speaking  of  the  valuable  personal  services  rendered  by  Mr.  Dean, 
said:  "I  may  add  that  one  could  not  for  double  the  sum  be  sure  to  have  secured  the  same  services, 
rendered  with  the  zeal,  the  science,  and  the  genius  that  Mr.  Dean  displayed  on  all  occasions  in  the 
most  laudable  manner." 

The  Leeghwater  machine  has  eleven  pumps.  During  the  draining  of  the  lake  it  made  5,182,045 
strokes,  with  a  varying  number  of  pumps  connected  down  to  seven  ;  the  total  was  equal  to  4,564,965 
strokes  with  eleven  pumps. 

The  Lijnden  has  eight  pumps.  During  the  draining  of  the  lake  it  made  4,592,443  strokes,  equal  to 
4,340,854  strokes  with    eight   pumps. 

The  Cruquius,  also  with  eight  pumps,  made  5,347,800  strokes,  equal  to  5,098,213  strokes  with  eight 
pumps. 

The   first  machine   then    worked    15,647  hours,  the  second    13,893   hours,  the  third    16,876    hours. 

The   average  time   of  working  of  the   three   machines   was    19.10  months. 

The  pay-roll  for  services  at  the  three  pumps  during  the  four  years  occupied  in  empt}'ing  the  lake 
amounted  to  $24,750,  and  the  fuel  to  $91,770.40  (25,789,292  kilograms  of  coal,  mostly  Belgian  and  English). 
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The  lubricants  cost  $8,268. 

The  total  cost,  including  repairs  and    improvements  of  machinery,  was  $156,800. 

The  cleaning  and  repair  of  the  pumps  more  than  once  interrupted  the  work,  and  a  serious 
accident    occurred,    not    indeed    to    the    maciiiner}-,    but   to  the  foundation  of  the  Lijnden. 

"In  August,  1855,  the  pumps  having  been  emptied,  on  examining  the  lower  valves,  a  stream  of  water 
broke  out  suddenly  from  the  west  at  the  bottom  of  the  principal  wall  that  separates  the  external 
waters  from  those  of  the  polder,  which  stand  ordinarily  at  a  level  four  metres  lower.  The  engineer, 
Michaelis,  not  understanding  the  cause  of  this  phenomenon,  and  fearing  the  consequences,  had  a  dam 
immediately  thrown  across  the  main  canal  of  the  polder  near  the  pumps,  calling  into  requisition  all  tlie 
workmen  of  the  vicinity.  He  thus  guarded  against  the  first  danger  to  the  polder,  and  in  proportion 
as  the  water  rose  in  the  space  between  the  machine  and  the  dam  its  head  diminished  the  force 
of  the  incoming  stream.  The  commission  then  caused  a  strong  coffer  dam  to  be  built  in  the  external 
canal  enclosing  the  pumps.  The  polder  thus  protected  against  all  danger,  we  set  at  work  to  hunt 
out  the  source  of  the  trouble,  which,  fortunately,  was  less  serious  than  might  have  been  believed.  The 
investigation  was  slow,  for  it  was  necessary  to  uncover  the  foundations  of  the  whole  edifice  with 
great  care,  in  order  not  to  lose  trace  of  the  course  that  the  water  had  followed  in  flowing  from  the 
exterior  canal,  whence  it  must  have  come,  to  the  polder. 

"A  circumstantial  report  by  Mr.  Michaelis,  which  was  approved  by  the  commission,  established  the 
fact  that  tlie  soft  earth  forming  the  packing  of  the  piles  on  which  the  boiler-house  is  built  had 
not  been  rammed  solidly  enough  to  prevent  a  slight  move:nent  of  tlie  piles,  so  that  the  masonry  tying 
this  foundation  to  the  principal  building  had  cracked,  a  phenomenon  which  is  apt  to  occur  in  the 
case  of  composite  buildings  having,  like  this,  unequal  foundations;  that  this  was  attended  with  the  break- 
ing of  the  pipe  leading  water  to  the  boilers  below;  and  that  through  this  crack  and  broken  pipe  the 
exterior  water  had  made  a  passage  as  far  as  the  upper  wall.  It  had  followed  this  wall  to  its 
eastern  end,  where  it  had  found  an  opening  between  the  double  row  of  sheet-piling  that  extends  along 
its  whole  length.  The  water  continued  on  through  this  double  row  of  piling  to  escape  at  the  west 
side,  where  it  finally  reached  the  polder.  Fortunately,  this  happened  before  the  polder  had  been 
turned  over  to  the  new  Administration,  preventing  all  doubt  as  to  the  duty  of  the  commission  to 
repair    the    damage    at    the    cost    of    the    state. 

"An  examination  of  the  other  two  pumping  stations,  now  made  with  the  greatest  care,  resulted 
in  a  certainty  that  a  similar  danger  was  not  there  to  be  apprehended. 

"However,  we  were  deprived  during  the  whole  of  the  following  winter  of  the  help  of  the  Lijnden; 
the  necessary  work  of  repair  could  not  be  begun  until  March,  1856,  being  finished  in  the  following 
August.      This  caused  an  unexpected  outlay  of  66,320  gulden." 

If  wind-power  is  used,  it  is  necessary  that  one-tenth  of  the  area  of  the  polder  should  be  in 
canals  and  ditches  (basin).     If  steam  is  used,  the  basin   need  be  but  one-twentieth  of  the  area. 

For  a  lift  of  only  3  feet,  it  is  immaterial  whether  the  paddle-wheel  or  the  Archimedean  screw  be 
used  ;  either   delivers  ordinarily,  with  the  large  mills  used,    from    55   to   65    tons  per  minute. 

The  large   wind-mills,  such  as  are  used  near    Rotterdam   and  in  the  Beemster,   deliver,  at  usual  lift : 

II  tons  when  the  force  of  the  wind  is   from   10  to  20  lbs.    per  sq.   yd. 

25      "  "  "  "  "  20  to  40      " 

42      "  "  "  "  "  40  to  60      "       "       "       "     . 

The  annual  cost  of  draining  the  Beemster  by  the  present  system  is  25,440  gulden.  To  drain  it  hy 
steam    would    cost    56,575    gulden.        The     area     of    the     Beemster    is    17,647    acres.        The    extra    cost, 
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therefore,  to  drain  it  by  steam  would  be  31,135  gulden,  or  if  gulden  per  acre.  The  change  is  seri- 
ously contemplated,  because  under  the  present  system,  for  an  average  of  seven  weeks  during  the 
winter,  hundreds  of  acres  are  submerged,  while  the  other  parts  are  only  from  4  to  12  inches  above 
the  water-level.     They  should   be  never  less  than  from   16  to  24  inches  above. 


THE    ZUYDER-ZEE. 

The  project  for  the  drainage  of  the  southern  portion  of  the  Zuyder-Zee  has  been  the  occasion  for 
the  submission  of  various  ingenious  and  promising  schemes.  Thus  far  none  of  these  schemes  has 
received  the  concurrent  approval  of  the  public  authorities  and  of  the  financial  world.  It  is  there- 
fore hardly  worth  while  to  enter  into  a  discussion   of  their  details. 

There  can,  however,  be  little  doubt  that  the  Dutch  people  will  sooner  or  later  add  to  their  most 
notable  previous  achievements  the  restoration  to  the  habitable  area  of  the  Netherlands  of  by  far 
the  larger  part  of  the  once  fertile  territory  that  was  swallowed  up  by  the  sea  in   1134. 

With  the  exception  of  the  Zuyder-Zee  and  its  immediately  adjacent  waters,  there  is  now  little 
left  in  all  Holland  to  invite  the  services  of  the  drainage  engineer,  but  the  finished  work  in  all  of  the 
lower  portions  of  the  kingdom  constitutes  a  vast  object-lesson,  of  the  greatest  importance  to  engi- 
neers throughout  the  rest  of  the  world,  and   notably  in   many   parts  of  our  own   country. 

The  value  of  this  lesson  has  not  yet  been  sufficiently  appreciated,  even  by  owners  of  agricultural 
lands  subject  to  inundation,  and  especially  not  by  the  public  authorities  of  towns  lying  at  or  near 
the  water-level.  The  uniform  method  of  reclaiming  town-lands  here  is  by  filling.  While  this  is  an 
economical  process  for  small  districts,  there  are  many  cases  where  at  least  equally  good  results  may 
be  secured  for  a  far  less  outlay,  including  the  cost  of  pumping,  by  the  adoption  of  the  polder 
system. 

The  most  notable  case  in  point  is  that  of  New  Orleans,  which,  occupying  the  slightly  elevated 
land  along  the  river-bank,  is  already  striking  out  on  to  marsh  lands  which  are  often  invaded  by  water 
and  which  are  kept  from  absolute  inundation  only  by  rude  and  imperfect  pumping  apparatus.  At 
times  these  defences  have  proved  powerless,  and  the  waters  of  Lake  Pontchartrain,  or  the  accumulated 
floods  of  tropical  storms  have  laid   under  the  water    all  but   the  higher-lying  area  nearest  to  the    river. 

The  large  area  between  the  city  and  Lake  Pontchartrain,  which  it  would  be  madness  to  think  of 
filling  to  a  sufificient  height,  could  be  drained  by  the  Dutch  system  of  pumping  for  a  moderate  cost 
and  with  an  effect  on  the  city  equivalent  to  that  of  raising  it  bodily  from  three  to  ten  feet  higher 
out  of  the  water. 

STEAM   DRAINAGE-PUMPS. 

The  three  great  pumping-engines  of  the  Haarlem  Lake  have  answered  their  purpose  remarkably 
well.  It  is,  of  course,  not  likely  that  they  would  be  duplicated  without  modifications  if  similar  work 
were  to  be  undertaken  at  this  time.  Another  form  of  pump  for  use  in  polder  drainage,  which  is  as 
old  as  these  machines,  is  an  invention  of  Mr.  H.  F.  Fijnje  van  Salverda.  This  pump  was  set  up  at 
Dreumel  in    1845    and    began    work  in    1846,  and   it    has  been    working   most   successfully  ever  since. 

It  is  a  vertical  force-pump  placed  entirely  below  the  water-level  in  the  dam  separating  the  polder 
from  the  o\itlying  water.  Its  construction  is  shown  in  Fig.  72.  The  arrangement  of  its  valves  and 
some  details  of  its  construction  have  been  since  modified  and  improved,  as  shown  in  Fig.  ^t,,  by  Mr. 
Ncring  Bogel. 

In  both   cases  the  pumjiing-chamber  is  divided  into  an  upper  and  a  lower  chamber  by  a  diaphragm, 
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32; 


IMPROVED 

VERTICAL  FORCE  PUMP. 

FIJNJE  PUMP. 


through  which  there  passes  a  cyHnder  open  at  both 
ends.  In  this  cylinder  a  piston  works  vertically;  as 
it  rises,  water  is  drawn  into  the  lower  chamber  and  is 
forced  out  of  the  upper;  as  it  descends  the  operation  is 
reversed,  water  flowing  in  at  the  upper  chamber  and 
escaping  from  the  lower.  If  the  piston  is  moved  by 
a  slow  crank-motion,  or  if  arrangements  are  otherwise 
made  to  arrest  its  movement  for  a  moment  at  the  end 
of  the  stroke,  the  valves  close  by  their  own  weight, 
silently  and  without  undue  wear  and  tear.  The  im- 
provement shown  in  Fig.  73  relates  chiefly  to  a  better 
setting,  and  to  the  action  of  governor-balls  regulating 
the  opening  and  closing  of  the  valves,  which  are  set 
in  series  of  two  or  three  at  each  side  of  tlie  upper 
and  lower  chambers   respectively. 

Huet,  in  his  "  Stoombemaling  van   Polders  en   Boe- 
zems,"  says  :    "  The  first  in   our  country  to    invent    and 
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cany  out  with  good  success  a  steam-pump  applicable  in  all  cases  was  Mr.  H.  F.  Fijnje  van  Salverda, 
formerly  chief  inspector  of  the  Waterstaat,  who,  with  F.  W.  Conrad,  was  one  of  the  first  pupils  of  the 
School  of  Artillery  and  Engineering  at  Delft.  While  they  were  still  school-boys  Mr.  Fijnje  was  a  friend 
of  J.  Nering  Bogel,  who  afterwards  became  a  well-known  manufacturer  of  machinery  at  Deventer; 
and  we  are  indebted  to  the  united  efforts  of  these  men  for  the  practical  development  of  the  vertical 
force-pump. 

"Mr.  Fijnje's  attention  was  called  to  the  need  for  such  a  pump  by  a  description  published  by  the 
Batavian  Society  of  a  steam-pump  constructed  in  1804  for  the  pumping  of  the  Krimpenerwaard  polder,  situ- 
ated at  the  side  of  a  tidal  river.  To  carry  out  his  idea  he  devised  a  double-acting  pump  which,  placed 
below  the  lowest  level  of  the  polder  water,  should  force  it  to  the  variable  level  of  the  water  of  the 
river.  The  advantages  to  be  attained  with  this  arrangement  were :  The  avoidance  of  the  necessity  of 
forcing  the  water  too  high  at  low  stages  of  the  river,  and 
the  possibility  of  furnishing  the  natural  outflow  through 
the  pump  when  the  water  in  the  river  should  be  below 
the  level  of    that    in  the  polder. 


During  the  year  1844  and  the  early  part  of  1845  ^ 
small  model  of  this  machine  was  made,  for  which,  in 
April,  1845,  a  special  patent  was  granted  for  fifteen 
years. 

"  The  occasion  of  the  building  of  the  first  mill  after 
this  plan  was  in  connection  with  the  drainage  of  the 
Wamel,  Dreumel,  and  Alphen  polder,  containing  5,000 
hectares,  which  had  two  sluices  through  its  dike  dis- 
charging into  the  Maas,  one  at  Dreumel,  the  other  at 
Alphen.  These  gave  insufficient  drainage,  and  about 
2,000  hectares  were  often  from  two  to  three  feet  under 
water  until  late  in  the  summer.  This  polder  must  have 
had  pumping-mills  in  former  times;  these,  however,  were 
destroyed  on  the  invasion  of  Louis  XIV.  in  1672.  In 
1 791  three  mills  were  again  set  up,  which,  not  answer- 
ing a  satisfactor)-  purpose,  were  replaced  by  others  in 
1819.     Three  of  these  were  placed  at  the  Dreumel  sluices 

and    one   at  the  Alphen   sluice.     These   mills    seem   at  first   to  have   given   satisfaction,  but    the  condition 
of  the  polder  remained  unfavorable." 

At  various  times  from  1819  to  1842  projects  were  made  for  steam  pumping  with  paddle  wheels, 
the  last  prepared  by  Mr.  Fijnje.  At  this  time  his  attention  was  directed  to  the  use  of  a  force-pump, 
and  his  suggestions  to  that  end  were  adopted  by  the  managers  of  the  polder.  The  location  was  fixed 
at  Dreumel. 

"  The  Provincial  government  of  Gelderland  contributed  1,000  guilders,  and  the  Minister  of  the 
Interior  promised  a  like  contribution.  In  June,  1845,  the  buildings,  foundations,  and  pumps  were 
contracted  for.  The  first  piles  were  driven  in  August  and  the  brick-work  was  up  to  the  full  height  in 
November.  In  May,  1846,  the  engine  was  for  the  first  time  put  in  movement  with  a  velocity  of  ten 
double  strokes  per  minute.  At  first  all  went  well,  but  after  some  continuous  work  difficulties  arose. 
The  shutter-valves,  instead  of  hanging  from  their  tops  as  in  Fig.  72,  were  set  vertically,  opening  and 
closing  like  the  gates  of  a  canal  lock.  These  vertical  valves  did  not  close  quickly  enough  at  the  end 
of   each  stroke.      After   the   return   stroke  had    begun    they   closed   with   a  violent   shock   and  produced  a 
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jar  which  loosened  the  piston-rod  in  the  piston  ;  furthermore,  about  one  seventh  of  the  water  ran  back. 
Then  springs  were  placed  on  the  gates  to  close  them  promptly,  and  after  the  remedying  of  other  de- 
fects the  machine  was  again  put  in  action  June  19.  With  seven  or  eight  double  strokes  per  minute, 
the  polder,  which  was  flooded  to  a  height  of  10  inches  above  the  summer  level,  was  drained  in  seven 
days.  But  constant  repairs  which  interrupted  the  working  led  to  an  exami-nation  of  the  whole  pump- 
chamber,  which  showed  that  the  partition-wall  dividing  it  into  upper  and  lower  apartments,  being  made 
of  timber,   had  become  displaced." 

After  discussions  which  lasted  until  the  end  of  September  an  order  to  remedy  all  defects  was 
given. 

"March  16,  1847,  the  machinery,  which  was  now  furnished  with  hanging  instead  of  vertical  valves, 
was  again  put  in  operation  and  worked  perfectly,  forcing  the  water  three  feet  above  the  pumping-level 
of  the  mills.  The  2,000  hectares  which  had  before  suffered  by  flooding  soon  increased  30  guilders  per 
hectare  in  rental  value,  while  the  annual  expenses  for  fuel  proved  to  be  only  ^  guilder  per  hectare. 
In  May  this  pump  was  inspected  by  Messrs.  Simons  and  Buijsing,  the  contractor  and  the  professor  of 
hydraulics  of  the  Roj'al  Academy  of  Delft.  The  inspection  then  made  with  a  lift  of  1.3  metres  showed 
that  the  labor  performed  by  i  kilogram  of  coal  was  equal  to  the  lifting  of  123  cubic  metres  of  water  i 
metre  high — being  equal  to  a  consumption  of  2. 1 1  kilograms  per  horse-power  per  hour.  This  mill  is 
still  working  effectively.     Its  operations  are   now  confined  to  the  Dreumel   polder." 

"  It  is  worthy  of  note  that  in  our  country  more  applications  of  this  pump  have  not  been  made.  With 
the  exception  of  the  small  machine  in  the  Hoflandschen  polder,  it  is  exclusively  used  for  pumping 
against  variable  stages  of  the  river    [or  outer  water]. 

"When  this  apparatus  was  introduced  in  1845  there  was  no  other  machine  fitted  to  meet  these 
circumstances,  and  the  great  merit  of  the  invention  was  that  it  supplied  this  want.  The  placing  of  the 
pump  below  the  level  of  the  polder-water  was  undoubtedly  troublesome  because  of  the  deep  foundation 
that  was  required  ;  but  this  was  fully  compensated  for  by  limiting  the  work  to  the  actual  height  to  which 
it  was  required  to  lift  the  water.  Furthermore,  in  this  submerged  position  the  accumulation  of  air  in 
the  pump  was  prevented  and  regularity  of  working  was  thereby  assured,  which  made  a  higli  piston  velo- 
city possible.  The  surrounding  of  the  pump  with  brick-work  gave  it  great  steadiness,  and  by  placing 
the  valves  in  the  walls  of  the  pump-chamber  any  shock  caused  by  their  closing  was  transferred  to  the 
more  solid  parts  of  the  apparatus.  As  the  pump  was  double  acting,  it  could  be  driven  b}'  a  small 
double-acting  Cornish  engine,  making  the  whole  arrangement  very  simple,  while  the  dimensions  of  the 
pump  and  of  the  steam-cylinder  were  reduced  to  their  smallest   limits. 

"  Mr.  Fijnje  thought  that  the  drainage  of  the  Haarlem  Lake  would  be  more  simple  and  economi- 
cal if,  instead  of  the  three  pump-stations  there  established,  one  double-acting  force-pump  were  used 
constructed  according  to  his  system  with  a  diameter  of  3.6  metres.  On  the  other  hand,  Simons 
has  remarked  that  the  application  of  this  pump  at  Haarlem  Lake  might  have  required  a  foundation 
5.31  metres  below  the  summer  level  of  the  lake,  and  therefore  10.31  metres  —  A.  P.,  which,  in  view 
of  the  difficulties  already  experienced  with  the  defects  of  the  Cruquius,  might  have  rendered  the  exe- 
cution of  the  project  impossible.  It  is  also  to  be  remembered  that  the  project  for  the  construction 
of  the  Haarlem  Lake  pumps  had  already  been  adopted  and  the  Leegliwater  pump  was  tried  in  1845, 
the    year  in  which  the  patent  for  Mr.   Fijnje's  pump  was  awarded." 

"The  consumption  of  cikU  for  punipini^-macliiiies  had  been  at  least  3  kilograms  per  horse-power  per 
hour,  making  a  yearly  outlay  of  not  less  than  700,000  guilders.  The  use  of  steam  is  increasing  rapidl)-, 
and   the   consumption   of  coal   must   have    already    doubled,    making     1,400,000   guilders    yearly,    so    that 
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the  reduction  of  the  consumption  of  i^  kilograms  has  secured  an  annual  saving  of  700,000  guilders, 
without  speaking  of  the  smaller  number  of  steam-boilers  that  this  greater  consumption  of  coal  would 
imply.  If  further  indication  were  needed  of  the  great  importance  of  this  question  for  our  country, 
it  is  enough  to  recall  the  proposed  drainage  of  the  Zuyder-Zee,  which  will  certainly  require  10,000 
horse-power,  and  of  which  the  annual  cost  of  fuel  will  amount  to  at  least  5  'tons'  [a  ton  is  100,000  guilders] 


STEAM  PUMP  AT  THE  STADSPOLDER 

AT  DORDRECHT,  1881. 


Fig.   74- 


on  the  one  hand,  or  on  the  other  hand  2)^  'tons,'  according  as  we  shall  succeed  in  doing  the 
work  with  3  kilograms,  as  is  now  common,  or  with  1.5  kilograms,  which  must  now  be  considered 
possible. 

"To  have  proved  that  possibility  by  facts,  and  for  smaller  machines  than  those  at  the  Haarlem 
Lake,  constitutes  the  great  value  of  the  labor  of  Mr.  H.  Y.  Fijnje,  whose  name  has  attained  an 
honorable   place    in    the   history   of   drainage  works   in    this   country." 
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Mr.  Huet  says  that  the  centrifugal  i)ump  is  becoming  a  favorite  one  for  drainage  work  in  Holland 
and  elsewhere.  It  is  a  great  advantage  for  all  drainage,  and  especially  so  for  lifting  sewage,  to  have  a 
pump  of  which  the  operation    does    not  depend  on  the  opening  and  closing  of  valves. 

The  objection  to  the  use  of  centrifugal  pumps,  as  formerly  applied,  consists  in  the  fact  that  it  was 
necessary  to  lift  all  of  the  water  pumped  to  a  fi.xed  height,  the  height  of  the  axis  of  the  fan,  with- 
out reference  to  variations  of  the  level  of  the  water  pumped  into  and  with  a  constant  loss  of  the 
height  to  which  it  was  necessary  to  place  the  pump  on  account  of  the  height  of  the  dam  or  other 
barrier  pumped  over.  This  difficulty  was  overcome  by  submerging  the  pump,  and  carrying  the  dis- 
charge-pipe through  the  dam;  while  this  overcame  one  difficulty,  it  instituted  another  by  placing  the 
pump  in  an  inaccessible  position  or  requiring  an  expensive  chamber  in   which   to   work   it. 

Both  defects  are  remedied  by  the  very  simple  modern  device  of  carrying  the  discharge-pipe  down 
below  the  lowest  level  of  the  water  pumped  into.  Thus  the  suction-pipe  and  the  discharge-pipe 
become  a  siphon  with  an  e.xact  differential  resistance  due  to  the  difference  of  head.  By  placing 
a  centrifugal  pump  at  any  point  in  the  course  of  this  siphon  to  overcome  such  resistance,  the  work  is 
done  without    waste    under    varying    differences   of    elevation    at    either  end   of    the    siphon. 

The  objection  to  placing  the  pump  well  above  the  water  level  is  by  this  means  entirely  removed. 
At  the  Lutkemeer  there  is  a  serious  loss  by  forcing  the  water  higher  than  is  necessary.  This  dif- 
ficulty would  be  prevented  by  turning  the  discharge-pipes  down  so  as  to  reach  below  the  level  of  the 
outer   water   and    take    the   form    of    a    siphon. 

The    name  "siphon-centrifugal"  is  given    to    this    pump. 

Fig.  74  shows  the  arrangement  of  the  siphon-centrifugal  pumps  in  operation  at  the  Stadts- 
polder   at    Dordrecht. 

Another  objection  to  the  use  of  the  centrifugal  pump,  especially  for  lifting  for  considerable 
heights,  is  due  to  the  friction  caused  by  the  rapid  flow  through  a  pipe  of  limited  size.  This  difficulty 
is  practically  removed  by  a  considerable  enlargement  of  both  suction  and  discharge  pipes,  especially 
of  the  former,  over  what  would  theoretically  be  required  for  the  capacity  of  the  pump. 


CHAPTER  XXIX. 

LAND-DRAINAGE  AND  THE  RECLAMATION  OF  MARSH  LANDS. 

IT  is  not  my  purpose  here  to  enter  very  fully  into  the  details  of  agricultural  under-drainage.  What 
I  should  say  on  the  subject  is  set  forth  in  much  detail  in  the  second  edition  of  my  "  Draining 
for  Profit  and  Health"  (1879).  When  the  first  edition  of  that  work  was  published  (1867),  the  work 
of  farm  under-drainage  was  hardly  more  than  in  its  infancy  in  the  country  at  large.  It  had  been  very 
widely  adopted  in  England  and  on  the  continent  of  Europe,  and  in  some  of  our  Eastern  localities,  with 
most  satisfactory  results.  Draining-tiles  were  then  made  here  in  only  a  few  places.  They  were  sold  at 
a  high  price,  and  the  cost  of  their  transportation  prevented  a  wide  extension  of  the  work  Since 
that  time  the  economical  value  of  under-drainage  has  become  generally  appreciated,  and  its  use  has 
become  almost  universal.  There  are  in  single  counties  in  Illinois  more  works  for  the  manufacture  of 
draining-tiles  than  there  were  drained  farms  in  the  State  twenty  years  ago.  The  total  length  of  under- 
drains  in  that  State  is  now  over  700,000  miles. 

Illinois  is  not  exceptional.  In  the  best  agricultural  regions  of  the  whole  country,  especially 
east  o-f  the  Mississippi  River,  the  under-drainage  of  lands  not  naturally  sufficiently  dry  for  the  best 
production  is  general.  The  methods  adopted  are,  of  course,  in  many  cases  rather  crude,  but  the 
general  result  has  been  to  secure  a  marked  increase  of  product,  immunity  from  the  effect  of 
excessive  wet  and  drought,  and  a  great  mitigation  of  the  malarial  conditions  formerly  prevalent.  In 
these  respects  we  have  but  repeated  the  experience  of  England.  Agricultural  under-drainage  is  hardly 
to  be  regarded  now  as  an  element  of  professional  engineering  work.  Those  who  carry  on  the  trade  of 
tile-draining  understand  sufficiently  well,  for  practical  purposes,  a  tolerably  good  method  for  securing 
the  end  in  view.  The  same  may  be  said  with  regard  to  surface-drainage,  which  is  much  more  effective 
than,  in  the  days  of  my  first  advocacy  of  under-drainage,  I  was  disposed  to  admit.  The  reasons 
why  any  drainage  of  agricultural  lands  is  required  are  better  understood  now  than  tlicy  were  then. 
Probably  the  great  advantage  derived  from  the  prevention  of  a  condition  of  saturation  is  that  it 
favors  the  continued  and  effective  action  of  those  minute  organisms  in  the  soil  on  which  fertility  so 
largely  depends.  It  was  formerly  supposed  that  the  organic  constituents  of  the  soil  and  the  applied 
manure,  as  well  as  the  mineral  constituents,  were  brought  into  a  condition  fit  for  the  use  of  plants  by 
the  mere  chemical  effect  (oxidation)  of  air  circulating  among  them.  It  has  been  demonstrated 
within  the  past  ten  years  that  the  conversion  of  organic  remains  and  organic  manures  into  a  condition 
available  for  the  feeding  of  plants  is  the  work  of  bacterial  action.  This  work  results  in  o.xidation, 
it  is  true,  but  the  process  is  very  different  from  that  resulting  from  immediate  chemical  contact.  That 
the  development  of  the  fertilizing  qualities  of  the  mineral  constituents  of  the  soil  is  also  due  to 
a  corresponding  action  of  living  organisms  has  not  been  demonstrated,  but  the  growth  of  rhizopods  on 
the  surface  of  minerals  and  the  consequent  cliange  of  character  of  the  inorganic  structure  itself, 
and  the  cryptogamous  vegetation  peculiar  to  certain  mineral  solutions,  would  indicate  that  such 
action   is   possible. 
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SURFACE-DRAINAGE. 

While  the  effect  of  aeration  in  the  subsoil  increases  porosity,  and  the  withdrawal  of  the  water  of 
saturation  from  the  lower  strata  of  the  soil  is  as  important  as  it  was  originally  supposed  to  be,  there 
is  no  doubt  that  the  most  valuable  effect  is  produced  in  those  parts  of  the  soil  which  are  near  the 
surface  and  are  by  under-drainage  kept  always  in  such  condition  that  their  living  organisms  do  not 
have  their  activity  suspended  for  long  periods  by  a  saturation  that  excludes  atmospheric  air.  In 
many  cases  this  more  important  effect  of  draining  the  upper  portions  of  the  soil  may  be  secured,  in 
measurably  useful  degree,  by  surface-drainage— that  is,  by  affording  the  surplus  water  an  opportunity 
to  flow  freely  away  over  the  surface  instead  of  lying  to  be  slo\\l}'  absorbed  by  the  soil.  As  com- 
pared with  its  cost,  much  the  most  useful  effect  will  be  produced  by  the  use  of  catch-drains  to  divert 
the  flow  of  surface  and  spring  water  from  higher  lands  and  by  such  a  regulation  of  the  surface  as 
will  prevent   water  from    standing    in   pockets  or  lying    on   level    tracts  after    a  storm   has    ceased. 

The  removal  of  water  from  the  surface  of  level  lands  which  are  not  under-drained  is  most 
economically  effected  by  the  opening  of  ditches  for  its  removal.  If  the  ditches  are  reasonably  near 
together,  a  good  result  will  be  produced  by  giving  them  a  water-level  of  from  12  to  18  inches  below 
the  surface.  They  should  be  so  arranged  as  to  receive  the  water  of  the  surface  freel}',  to  hold  the 
water  of  a  heavy  storm  at  a  level  slightly  below  the  surface  of  the  ground,  and  to  run  do^^■n  to  the 
indicated  level  within  twenty-four  hours.  Rolling  lands,  with  swales  and  pockets  in  which  water 
stands  and  accumulates,  may  be  relieved,  often  much  more  simply  and  economically,  by  the  running  of 
single  lines  of  depressed  water-wa}'S.  These  need  not  even  be  ditches,  onl)'  continuous  artificial  de- 
pressions, with  broad  banks,  susceptible  of  cultivation  and  of  machine-mowing,  and  leading  to  a  proper 
point  of  discharge.  To  provide  such  a  means  of  drainage  is  easy  and  inexpensive  if  a  proper  point 
of  outlet  is   at    hand. 

In  many  cases,  and  it  is  these  that  call  for  the  intervention  of  the  engineei',  tracts  sometimes  of 
many  thousands  of  acres  lie  too  low  or  have  too  little  inclination  for  the  removal  of  rainfall.  These  are 
sometimes  actual  swamps  and  sometimes  lands  lying  so  near  to  the  dead-water  level  as  to  be  too  much 
saturated  for  the  production  even  of  the  best  grasses.  In  these  cases  large  and  deep  district  drains  or 
canals  are  required.  Many  of  the  States  have  drainage  laws  authorizing  the  execution  of  this  work 
under  the  direction  of  State  or  county  commissioners  at  the  charge  of  all  who  are  'to  be  benefited. 
These  draining-canals  are  sometimes  of  such  width  and  depth  as  to  be  excavated  by  floating  dredges 
working  in  from  the  body  of  water  into  which  they  are  ultimately  to  discharge,  and  carr}-ing  a  depth  of 
water  sufficient  to  float  the  apparatus  quite  to  their  upper  ends,  miles  away.  In  this  manner  districts 
subject  to  constant  saturation  are  enabled  to  obtain  the  full  benefit  of  their  slight  grades  and  to  deliver 
their  drainage  outflow  nearly  at  the  level  of  the  water  into  which  their  main  drainage-canal  delivers. 
Lateral  branches  of  the  canal,  extending  on  either  side,  carry  an  effective  drainage  level  throughout  all 
parts  of  the   district. 

In  other  cases,  lands  of  great  area  requiring  drainage  are  dependent  for  their  outflow  on  tortuous 
and  sluggish  creeks  or  rivers  which  are  inadequate  for  the  prompt  removal  even  of  the  water  of  ordi- 
nary rains.  The  difficulty  is  often  aggravated  by  the  existence  of  mill-dams  holding  prescriptive  rights 
along  the  lower  reaches  of  the  stream.  In  such  cases  the  mill  rights  have  to  be  extinguished,  and  the 
water-course  straightened  and   cleared,  if  not  enlarged. 

Again,  wide  areas  of  riparian  marsh  are  rendered  useless  by  their  low  level  as  compared  with  the 
tidal  waters  with  which  they  are  bordered.  These  are  to  be  drained  by  excluding  high  floods,  cutting 
off  upland  waters,  and  discharging  on  the  fall  of  the  tide.  In  all  of  these  cases  the  assistance  of  the 
engineer  is  in  request,  and  he  will  often   find   his  knowledge,  ingenuity,  and  tact  severely  tried  by  the 
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attempt  to  meet  the  difficulty  effectively  and  economically.  It  is  a  simple  matter  to  make  a  canal  large 
enough,  or  dikes  high  enough,  or  to  give  ample  water-way  to  obstructed  water-courses,  but  the  expense 
of  all  these  operations  and  the  charge  for  maintenance  fall  upon  a  class  of  men  of  little  capital  and  of 
limited  means  for  bearing  the  cost  of  the  work.  It  becomes  necessary,  therefore,  not  only  to  make  the 
ditch  large  enough  but  to  make  it  not  too  large;  to  make  dikes  effective  but  neither  too  high  nor  too 
broad,  and  to  limit  the  improvement  of  the  natural  water-course  to  what  is  really  necessary.  A  just 
balance  must  be  struck  between  the  immediate  effective  drainage  of  the  whole  district  and  sucii  inadequate 
works  as  would  drain  the  land  too  slowly  for  considerable  practical  benefit.  It  would,  of  course,  be 
an  advantage  to  place  every  acre  of  the  whole  district  in  such  condition  that  it  would  be  dry  and  firm 
within  a  few  hours  after  the  heaviest  rain,  but  it  would  often  cost  five  times  as  much  to  do  this  as  to 
make  such  an  outlet  as  will  drain  distant  portions  sufficiently  for  the  production  of  good  and  whole- 
some grass,  though  too  wet  for  reliable  use  for  plough  crops.  The  owner  can  better  afford  to  take  his 
chances  of  securing  a  fair  crop  of  corn,  with  a  certainty  of  good  grass  crops,  than  he  can  afford  to  pay 
the  extra  tax   required   to    put   his  land    always   in  condition   for  perfect   tilth. 

In  the  present  condition  of  the  agi'icultural  districts  of  the  United  States,  there  can  be  no 
doubt  that  a  better  return  will  be  insured  for  the  amount  of  money  laid  out  in  tlie  reasonably  effec- 
tive surface-drainage  of  lands  now  saturated,  or  at  times  approaching  a  swampy  condition,  than  for  an 
equal  amount  expended  in  the  under-drainage  of  lands  lying  sufficiently  high  to  make  under-drainage 
profitable.  In  saying  this,  I  would  by  no  means  be  taken  to  imply  that  under-drainage  is  not  largely 
profitable  and  is  not  to  be  recommended  in  all  cases  where  it  is  possible ;  only  that,  while  under- 
drainage  increases  and  insures  the  product  of  lands  now  largely  tillable,  the  surface-drainage  contem- 
plated gives  value  and  product  to  lands  now  worthless  in  the  sense  of  not  producing  a  sufficient 
return  to  pay  the  cost  of  cultivation. 


UNDER-DRAINAGE. 

The    following   is   mainly  reproduced  from   the  work    above  referred   to. 

If  a  rule  could  be  adopted  which  would  cover  the  varied  circumstances  of  different  soils,  it  would 
be  somewhat  as  follows :  All  lands,  of  whatever  texture  or  kind,  in  which  the  spaces  bettvcen  the 
particles  of  soil  are  filled  with  water  (whether  from  rain  or  from  springs)  within  less  than  four 
feet  of  the  surface  of  the  ground,  except  during  and  iniiiicdiatcly  after  heavy  rains,  require 
draining. 

Of  course,  the  particles  of  the  soil  cannot  be  made  dry,  nor  should  they  be  ;  but,  although  they 
should  be  moist  themselves,  they  should  be  surrounded  with  air,  not  with  water.  To  illustrate  this: 
suppose  that  water  be  poured  into  a  barrel  filled  with  chips  of  wood  until  it  runs  over  at  the  top. 
The  spaces  between  the  chips  will  be  filled  with  water,  and  the  chips  themselves  will  absorb  enough 
to  become  thoroughly  wet — this  represents  the  worst  condition  of  a  wet  soil.  If  an  opening  be  made 
at  the  bottom  of  the  barrel,  the  water  which  fills  the  spaces  between  the  chips  will  be  drawn  ofT, 
and  its  place  will  be  taken  by  air,  while  the  chips  themselves  will  remain  wet  with  the  water  which 
they  hold  by  absorption.  A  drain  at  the  bottom  of  a  .wet  field  in  like  manner  draws  away  the 
water  from  the  free  spaces  between  its  particles,  and  its  place  is  taken  by  air,  while  the  particles  hold, 
by  absorption,   the   moisture   neccssarj'  to   a  healthy  condition   of    the  soil. 

There  are  vast  areas  of  land  in  this  country  which  do  not  need  draining.  The  whole  range  of 
sands,  gravels  light  loams,  and  moulds  allow  water  to  pass  freely  through  them,  and  are  sufficiently 
drained  by  nature,  provided  they  are  as  open  at  the  bottom  as  throughout  the  mass.  A  sieve  filled 
with    gravel  will   drain   perfectly;  a  basin  filled   with    the    same  gravel  will   not   drain    at  all.      More    than 
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this,  a  sieve  filled  with  the  stiffest  clay,  if  not  "  puddled,"  *  will  drain  completely,  and  so  will  heavy 
clay  soils  on  porous  and  well-drained  subsoils.  Money  expended  in  draining  such  lands  as  do  not 
require  the  operation  is,  of  course,  wasted  ;  and,  when  there  is  doubt  as  to  the  requirement,  sufficient 
tests  should   be   made  before  the   outlay  for  so  costly  a   work    is    encountered. 

There  is,  on  the  other  hand,  much  land  which  only  by  thorough  draining  can  be  rendered  profitable 
for  cultivation  or  healthful  for  residence,  and  very  much  more,  described  as  "ordinarily  dry  land,"  which 
draining  would    greatly    improve  in    both    productive  value   and    salubrity. 

The  surface  indications  of  the  necessity  for  draining  are  various.  Those  of  actual  swamps 
need  no  description ;  those  of  land  in  cultivation  are  more  or  less  evident  at  different  seasons  and 
require  more  or  less  care  in  their  examination,  according  to  the  circumstances  under  which  they  are 
manifested. 

If  a  ploughed  field  show,  over  a  part  or  the  whole  of  its  surface,  a  constant  appearance  of 
dampness,  indicating  that  as  fast  as  water  is  dried  out  from  its  upper  parts  more  is  forced  up  from 
below,  so  that  after  a  rain  it  is  much  longer  than  other  lands  in  assuming  the  light  color  of  dry 
earth,  it  unmistakably  needs  draining. 

A  pit,  sunk  to  the  depth  of  three  or  four  feet  in  the  earth,  may  collect  water  at  its  bottom 
shortly  after  a  rain  ;  this  is  a  sure  sign  of  the  need  of  draining. 

All  tests  of  the  condition  of  land  as  to  water,  such  as  trial-pits,  etc.,  should  be  made,  when 
practical,  during  the  wet  spring  weather,  or  at  a  time  when  the  springs  and  brooks  are  running  full. 
If  there  be  much  water  in  the  soil,  even  at  such  times,  it  needs  draining. 

If  the  water  of  heavy  rains  stands  for  some  time  on  the  surface,  or  if  water  collects  in  the 
furrow  while  ploughing,  draining  is  necessary  to  bring  the  land  to  its  full   fertility. 

Other  indications  may  be  observed  in  dry  weather:  wide  cracks  in  the  soil  are  caused  by  the 
drying  of  clays  which,  by  previous  soaking,  have  been  pasted  together;  the  curling  of  corn  often  indicates 
that  in  its  early  growth  it  has  been  prevented  by  a  wet  subsoil  from  sending  down  its  roots  below 
the  sun's  heat,  where  it  would  find,  even  in  the  dryest  weather,  sufficient  moisture  for  a  healthy 
growth ;  any  severe  effect  of  drought,  except  on  poor  sands  and  gravels,  may  be  presumed  to  result 
from  the  same  cause  ;  and  a  certain  wiryness  of  grass,  together  with  a  mossy  or  mouldy  appearance  of 
the  ground,  also  indicate  excessive  moisture  during  some  period  of  growth.  The  effects  of  drought 
are,  of  course,  sometimes  manifested  on  soils  which  do  not  require  draining,  such  as  those  poor  gravels 
which,  from  sheer  poverty,  do  not  enable  plants  to  form  vigorous  and  penetrating  roots;  but  any 
soil  of  ordinary  richness  which  contains  a  fair  amount  of  clay  will  withstand  even  a  severe  drought, 
without  great   injury  to  its  crop,  if  it  is  thoroughly  drained  and  is  kept  loose  at  its  surface. 

Poor  crops  are,  when  the  cultivation  of  the  soil  is  reasonably  good,  caused  either  by  inherent 
poverty  of  the  land  or  by  too  great  moisture  during  the  season  of  early  growth.  Which  of  these 
causes  has  operated  in  a  particular  case  may  easily  be  known.  Manure  will  correct  the  difficulty  in 
the  former  case,  but  in  the  latter  there  is  no  real  remedy  short  of  such  a  system  of  drainage  as 
will  thoroughly  relieve  the  soil  of  its  surplus  water. 

The  sources  of  the  water  in  the  soil  are  various.  It  either  falls  directly  upon  the  land  as 
rain,    rises  into  it   from   underlying  springs,    or  reaches  it  through,  or  over,  adjacent  land. 

*  Puddling  is  the  kne.iding  or  nibbing  of  clay  witli  w.iter,  a  process  by  wliich  it  becomes  almost  impervious,  retaining  this 
property  until  thorouglily  dried,  wlien  its  close  union  is  brol<en  by  the  shrinljin;,'  of  iis  pans.  Puddled  clay  remains  imper- 
vious as  long  as  it  is  saturated  with  water,  and  it  does  not  entirely  lose  this  quility  until  it  has  been  pulverized  in  a  dry 
state. 

A  small  proportion  of  clay  is  sufficient  to  injure  the  perviousness  of  the  soil  by  puddling.  .A  clay  subsoil  is  puddled  by 
being  ploughed  over  when  too  wet,  and  the  injury  is  of  considerable  duralinn.  R.iiu-waler  collecteil  in  hollows  of  slifT  land,  liv 
the  simple  movement  given  it  by  wind,  so  puddles  the  surface  that  it  holds  the  water,  while  the  adjacent  soil  is  dry  and 
porous. 


336  SEWERAGE  AAV  LAND-DRAINAGE. 

The  rain-ivater  belongs  to  the  field  on  which  it  falls,  and  it  would  be  an  advantage  if  it  could 
all  be  made  to  pass  down  through  the  first  three  or  four  feet  of  the  soil,  and  be  removed  from  below. 
Every  drop  of  it  is  freighted  with  fertilizing  matters  washed  out  from  the  air,  and  in  its  descent 
through  the  ground  these  are  given  up  for  the  use  of  plants;  and  it  performs  other  important  work 
among  the  vegetable  and  mineral  parts  of  the  soil. 

The  spring-water  does  not  belong  to  the  field,  not  a  drop  of  it,  and  it  ought  not  to  be  allowed 
to  show  Itself  within  the  reach  of  the  roots  of  ordinary  plants.  It  has  fallen  on  other  land,  and 
presumably  has  there  done  its  appointed  work,  and  ought  not  to  be  allowed  to  convert  our  soil 
into    a    mere    outlet-passage    for    its    removal. 

The  ooze-zuater,  that  which  soaks  out  from  adjoining  land,  is  subject  to  all  the  objections  which 
hold   against   spring-water,  and    should  be   rigidly  excluded. 

But  the  surface-water  which  comes  during  rains  over  the  surface  of  higher  ground  in  the  vicinity 
should  be  allowed  every  opportunity,  which  is  consistent  with  good  husbandry,  to  work  its  slow  course 
over  our  soil— not  to  run  in  such  streams  as  will  cut  away  the  surface,  nor  in  such  quantities  as  to 
make  the  ground  inconveniently  wet,  but  to  spread  itself  in  beneficent  irrigation,  and  to  deposit  the 
fertilizing  matters  which    it    contains,  then    to    descend    through   a  well-drained   subsoil  to  a   free    outlet. 

From  whatever  source  the  water  comes,  it  cannot  remain  stagnant  in  any  soil  without  permanent 
injury  to  its  fertility. 

The  objection  to  too  much  water  in  the  soil  will  be  understood  from  the  following  explanation  of 
the  process  of  germination  (sprouting)  and  growth.  Other  grave  reasons  why  it  is  injurious  will  be 
treated   in   their  proper  order. 

The  first  growth  of  the  embrj'o  plant  (in  the  seed)  is  merely  a  change  of  form  and  position  of  the 
material  which  the  seed  itself  contains.  It  requires  none  of  the  elements  of  the  soil,  and  would,  under 
the  same  conditions,  take  place  as  well  in  moist  sawdust  as  in  the  richest  mould.  The  conditions 
required  are  the  exclusion  of  light,  a  certain  degree  of  heat,  and  the  presence  of  atmospheric  air  and 
moisture.  Any  material  which,  without  entirely  excluding  the  air,  will  shade  the  seed  from  the  light, 
yield  the  necessary  amount  of  moisture,  and  allow  the  accumulation  of  the  requisite  heat,  will  favor  the 
chemical  changes  which,  under  these  circumstances,  take  place  in  the  living  seed.  In  proportion  as 
the  heat  is  reduced  by  the  chilling  effect  of  evaporation,  and  as  atmospheric  air  is  excluded,  will  the 
germination  of  the  seed  be  retarded  ;  and,  in  case  of  complete  saturation  for  a  long  time,  absolute  decay 
will  ensue   and   the  germ  will  die. 

Of  course,  there  are  some  farms  which  suffer  from  too  much  water  which  are  not  worth  draining  at 
present,  many  more  which  at  the  present  price  of  frontier  lands  are  only  worth  relieving  of  the 
water  which  stands  on  the  surface ;  and  not  a  few  on  which  the  quantity  of  stone  to  be  removed  sug- 
gests the  propriety  of  making  wide  ditches  in  which  to  hide  them  (using  the  ditches  incidentally  as 
drains). 

The  land  which  demands  thorough  work  and  which  will  repay  its  cost  is  that  which,  at  some  time 
during  the  period  of  vegetation,  contains  stagnant  water,  at  least  in  its  subsoil,  within  the  reach  of  the 
roots  of  ordinary  crops;  in  which  there  is  not  a  free  outlet  at  the  bottom  for  all  the  water  which  it 
receives  from  the  heavens,  from  adjoining  land,  or  from  springs  ;  and  which  is  more  or  less  in  the  con- 
dition of  standing  in  a  great  water-tight  box,  with  openings  to  let  water  in,  but  with  no  means  for  its 
escape,  except  by  evaporation  at  the  surface  ;  or,  having  larger  inlets  than  outlets,  and  being  at  times 
'  water-logged,"  at  least  in  its  lower  parts.  The  subsoil,  to  a  great  extent,  consists  of  clay  or  other 
compact  material,  which  is  not  impervious,  in  the  sense  in  wliich  india-rubber  is  impervious  (else  it  could 
not  have  become  wet),  but  which  is  sufficiently  so  to  prevent  the  free  escape  of  water.  The  surface 
soil  is  of  a  lighter  or  more  open  character,  in  consequence  of  the  cultivation  which  it  has  received  or 
of  the  decayed  vegetable  matter  and  the   roots  which   it  contains. 
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III  such  land  the  subsoil  is  wet,  almost  constantly  wet,  and  the  falling  rain,  finding  only  the 
surface  soil  in  a  condition  to  receive  it,  soon  fills  this,  and  often  more  than  fills  it,  and  stands 
on  the  surface.  After  the  rain  come  wind  and  sun  to  drj'  off  the  standing  water,  to  dry  out 
tlie  free  water  in  the  surface  soil,  and  to  drink  up  the  water  of  the  subsoil,  which  is  slowly  drawn 
from  below.  If  no  spring,  or  ooze,  keep  up  the  supply,  and  if  no  more  rain  fall,  the  subsoil  may  be 
dried  to  a  considerable  depth,  cracking  and  gaping  open,  in  wide  fissures,  as  the  clay  loses  its  water 
of  absorption  and  shrinks.  After  the  surface  soil  has  become  sufficiently  dry  the  land  may  be  ploughed, 
seeds  will  germinate,  and  plants  will  grow.  If  there  be  not  too  much  rain  during  the  season,  nor  too 
little,  the  crop  may  be  a  fair  one  ;  if  the  land  be  rich,  a  very  good  one.  It  is  not  impossible,  nor 
even  very  uncommon,  for  such  soils  to  produce  largely,  but  they  are  always  precarious.  To  the  labor 
and  expense  of  cultivation,  which  fairly  earn  a  secure  return,  there  is  added  the  anxiety  of  chance ; 
success  is  greatly  dependent  on  the  weather,  and  the  weather  may  be  bad.  Heavy  rains,  after 
planting,  may  cause  the  seed  to  rot  in  the  ground  or  to  germinate  imperfectly;  heavy  rains  during 
early  growth  may  give  an  unnatural  development  or  a  feeble  character  to  the  plants ;  later  in  the 
season  the  want  of  sufficient  rain  may  cause  the  crop  to  be  parched  by  drought,  for  its  roots, 
disliking  the  clammy  subsoil  below,  will  have  extended  within  a  few  inches  of  the  surface,  and  are 
subject  almost  to  the  direct  action  of  the  sun's  heat ;  in  harvest-time  bad  weather  may  delay  the 
gathering  until  the  crop  is  greatly  injured,  and  fall  and  spring  work  must  often  be  put  off  be- 
cause   of   wet. 

Land  of  this  character  is  usually  kept  in  grass  as  long  as  it  will  bring  paying  crops,  and  is 
not  unfrequently  only  available  for  pasture;  but,  both  for  hay  and  for  pasture,  it  is  still  subject  to 
the  drawback  of  the  uncertainty  of  the  seasons,  and  in  the  best  seasons  it  produces  far  less  than 
it  might  if  well  drained. 

The  only  sort  of  drain  to  which  reference  is  here  made  is  that  which  consists  of  a  conduit 
of  burned  clay  (tile),  placed  at  a  considerable  depth  in  the  subsoil,  and  enclosed  in  a  compact  bed  of 
the  stiffest  earth  which  can  conveniently  be  found.  Stone-drains,  brush-drains,  sod-drains,  mole-plough 
tracks,  and  the  various  other  devices  for  forming  a  conduit  for  the  conveying  away  of  the  soak- 
age-water  of  the  land  are  not  without  the  support  of  such  arguments  as  are  based  on  the  expediency 
of  make-shifts,  and  are,  perhaps,  in  rare  cases  advisable  to  be  used  ;  but,  for  the  purposes  of  per- 
manent improvement,  they  are  neither  so  good  nor  so  economical  as  tile-drains.  Concerning  stone- 
drains,  attention  may  properly  be  called  to  the  fact  that  (contrary  to  the  general  opinion  of  farmers) 
they  are  very  much  more  expensive  than  tile-drains.  So  great  is  the  cost  of  cutting  the  ditches  to 
the  much  greater  size  required  for  stone  than  for  tiles,  of  handling  the  stones,  of  placing  them 
properly  in  the  ditches,  and  of  covering  them,  after  they  are  laid,  with  a  suitable  barrier  to  the  rattling 
down  of  loose  earth  among  them,  that,  as  a  mere  question  of  first  cost,  it  is  far  cheaper  to  buy 
tiles  than  to  use  stones,  although  these  may  lie  on  the  surface  of  the  field,  and  only  require  to  be 
placed  in  the  trenches  In  addition  to  this,  the  great  liability  of  stone  drains  to  become  obstructed 
in  a  few  years,  and  the  certainty  that  tile-drains  will,  practically,  last  for  ever,  are  conclusive  arguments 
in  favor  of  the  use  of  the  latter.  If  the  land  is  stony,  it  must  be  cleared;  this  is  a  proposition  by 
itself,  but  if  the  sole  object  is  to  make  drains,  the  best  material  should  be  used,  and  this  material  is 
not    stone. 

A  well-laid  tile  drain  has  the  followincr  essential  characteristics:  i.  It  has  a  free  outlet  for  the 
discharge  of  all  water  which  may  run  through  it.  2.  It  has  openings  at  its  joints  sufficient  for  the 
admission  of  all  the  water  which  ma)-  rise  to  the  level  of  its  floor.  3.  Its  floor  is  laid  on  a  well-regu- 
lated line  of  descent,  so  that  its  current  may  maintain  a  flow  of  uniform,  or  at  least  never  decreasing, 
rapidity  throughout   its   entire  length. 

Land  which   requires    draining    is  that  which,  at   some  time    during  the    year    (either  from  an    accu- 


338  SEWERAGE  AND  LAND-DRAINAGE. 

mulation  of  the  rains  which  fall  upon  it,  from  the  lateral  flow,  or  soakage,  from  adjoining  land,  from 
springs  which  open  within  it,  or  from  a  combination  of  two  or  all  of  these  sources),  becomes  filled 
with  water  that  does  not  readily  find  a  natural  outlet,  but  remains  until  removed  by  evaporation. 
Every  considerable  addition  to  its  water  wells  up,  and  soaks  its  very  surface  ;  and  that  which  is  added 
after  it  is  already  brimful  must  flow  off  over  the  surface,  or  lie  in  puddles  upon  it.  Evaporation  is  a 
slow  process,  and  it  becomes  more  and  more  slow  as  the  level  of  the  water  recedes  from  the  surface 
and  is  sheltered,  by  the  overlying  earth,  from  the  action  of  sun  and  wind.  Therefore,  at  least  during 
the  periods  of  spring  and  fall  preparation  of  the  land,  during  the  early  growth  of  plants,  and  often 
even  in  midsummer,  the  ivatcr-tablc — the  top  of  the  water  of  saturation — is  within  a  few  inches  of 
the  surface,  preventing  the  natural  descent  of  roots,  and,  by  reason  of  the  small  space  to  receive  fresh 
rains,  causing  an   interruption  of    work  for   some  days    after   each  storm. 

If  such  land  is  properly  furnished  with  tile-drains  (having  a  clear  and  sufficient  outfall,  offering 
sufficient  means  of  entrance  to  the  water  which  reaches  them,  and  carrying  it,  by  a  uniform  or  increas- 
ing descent,  to  the  outlet),  its  water  will  be  removed  to  nearly,  or  quite,  the  level  of  the  floor  of  the 
drains,  and  its  water-table  will  be  at  the  distance  of  some  feet  from  the  surface,  leaving  the  spaces 
between  the  particles  of  all  the  soil  above  it  filled  with  air  instead  of  water.  The  water  below  the 
drains  stands  at  a  level,  like  any  other  water  that  is  dammed  up.  Rain-water  falling  on  the  soil  will 
descend  by  its  own  weight  to  this  level,  and  the  water  will  rise  into  the  drains,  as  it  would  flow  over 
a  dam,  until  the  proper  level  is  again  attained.  Spring-water  entering  from  below  and  water  oozing 
from    the  adjoining  land   will   be  removed   in    like  manner. 

In  the  heaviest  storms  some  water  will  flow  over  the  surface  of  even  the  dryest  beach-sand  ;  and 
in  a  well-drained  soil  the  water  of  ordinary  rains  will  be  at  once  absorbed,  will  slowly  descend  toward 
the  water-table,  and  will  be  removed  by  the  drains,  so  rapidly,  even  in  heavy  clays,  as  to  leave  the 
ground  fit  for  cultivation,  and  in  a  condition  for  steady  growth,  within  a  short  time  after  the  rain 
ceases.  It  has  been  estimated  that  a  drained  soil  has  room  between  its  particles  for  about  one-quarter 
of  its  bulk  of  water;  that  is,  four  inches  of  drained  soil  contains  free  space  enough  to  receive  a  rain- 
fall one  inch  in  depth,  and,  by  the  same  token,  four  feet  of  drained  soil  can  receive  twelve  inches  of 
rain — more  than  is  known  to  have  fallen  here  in  twenty-four  hours  since  the  deluge,  and  more  than 
one-quarter  of  the  average  annual   rainfall  in   the    United  States. 

The  water  which   reaches   the   soil   may  be   considered    under  two   heads: 

1st.  That  which  reaches  its  surface,  whether  directly  by  rain  or  by  the  surface  flow  of  the  adjoin- 
ing land. 

2d.  That  which  reaches  below  the  surface  by  springs  and  by  soakage  from  the  lower  portions  of 
adjoining   land. 

The  first  of  these  is  beneficial,  because  it  contains  fresh  air,  carbonic  acid,  ammonia,  nitric  acid,  and 
heat,  obtained  from  the  atmosphere;  and  the  flowage  water  contains,  in  addition,  some  of  the  finer  or 
more  soluble  parts  of  the  land  over  which  it  has  passed.  The  second  is  only  so  much  dead  water, 
which  has  already  given  up,  to  other  soil,  all  that  ours  could  absorb  from  it,  and  its  effect  is  chilling 
and  hurtful.  This  being  the  case,  the  only  interest  we  can  have  in  it  is  to  keep  it  down  from  the  sur- 
face and   remove   it   as   rapidly  as  possible. 

The  water  of  the  first  sort,  on  the  other  hand,  should  be  arrested  by  every  device  within 
our  reach.  If  the  land  is  steep,  the  furrows  in  ploughing  should  be  run  horizontally  along  tlie  hill, 
to  prevent  the  escape  of  the  water  over  the  surface,  and  to  allow  it  to  descend  readily  into  the 
ground.  Steep  grass-lands  may  have  frequent  small  horizontal  ditches  for  the  same  purpose.  If 
the  soil  is  at  all  heavy,  it  should  not,  when  wet,  be  trampled  by  animals,  lest  it  be  puddled, 
and  thus  made  less  absorptive.  If  in  cultivation,  the  surface  should  be  kept  loose  and  open, 
ready   to    receive    all    of    the    rain    and    the    irrigation-water   that    reaches   it. 
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In  descending  through  the  soil,  tliis  water,  in  summer,  gives  up  heat  which  it  received  from 
the  air  and  from  the  heated  surface  of  the  ground,  and  thus  raises  the  temperature  of  the  lower  soil. 
The  fertilizing  matters  which  it  has  obtained  from  the  air — carbonic  acid,  ammonia,  and  nitric  acid — 
are    extracted    from    it,    and    held    for    the    use    of    growing    plants.     Its    fresh    air,    and     the    air    which 
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Tollows  the  descent  of  the  water-table,  carries  oxygen  to  the  organic  and  mineral  parts  of  the  soil,  and 
hastens  the  rust  and  decay  by  which  these  are  prepared  for  the  uses  of  vegetation.  The  water  itself 
supplies  by  means  of  their  power  of  absorption  the  moisture  which  is  needed  by  the  particles  of  the 
soil ;    and,   having    performed    its   work,   it   goes    down    to   the   level   of  the   \\ater    below,    and,    swelling 
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tlic  tide  above  the  brink  of  the  dam,  sets  the  drains  running,  until  it  is  all  removed.  In  its  descent 
through  the  ground  this  water  clears  the  passages  through  which  it  flows,  leaving  a  better  channel  for 
the  water  of  future  rains,  so  that,  in  time,  the  heaviest  clays,  which  will  drain  but  imperfectly  during 
the  first  one  or  two  years,  will  eventually  pass  water,  to  a  depth  of  four  or  five  feet,  almost  as 
readily  as  the  lighter  loams.  •- 

Now,  imagine  the  drains  to  be  closed  up,  leaving  no  outlet  for  tlie  water  save  at  the  surface. 
This  amounts  to  a  raising  of  the  dam  to  that  height,  and  additions  to  the  water  will  bring  the 
water-table  even  with  the  top  of  the  soil.  No  provision  being  made  for  the  removal  of  spring  and 
soakage  water,  this  causes  serious  inconvenience,  and  even  the  rainfall,  finding  no  room  in  the  soil 
for  its  reception,  can  only  lie  upon,  or  flow  over,  the  surface,  not  yielding  to  the  soil  the  fertilizing 
matters  which  it  contains,  but  on  the  contrary  washing  away  some  of  its  finer  and  looser  parts. 
The  particles  of  the  soil,  instead  of  being  furnished,  by  absorption,  with  a  healthful  amount  of 
moisture,  are  made  unduly  wet ;  and  the  spaces  between  them,  being  filled  with  water,  no  air  can 
enter,  whereby  the  processes  by  which  the  inert  minerals  and  the  roots  and  manure  in  the  soil 
are  prepared  for  the  use  of  vegetation  are  greatly  retarded. 

Instead  of  carrying  the  heat  of  the  air  and  of  the  surface  of  the  ground  to  the  subsoil,  the 
rain  /Duly  adds  so  much  to  the  amount  of  water  to  be  evaporated,  and  increases  by  so  much  the 
chilling  effect  of  evaporation. 

Instead  of  opening  the  spaces  of  the  soil  for  the  more  free  passage  of  water  and  air,  as  is 
done  by  descending  water,  that  which  ascends  by  evaporation  at  the  surface  brings  up  soluble 
matters,  which  it  leaves  at  the  point  where  it  becomes  a  vapor,  forming  a  crust  that  prevents  the 
free    entrance    of    air    at    those    times    when   the  soil  is  dry  enough  to  afford  it  space  for  ciiculation. 

Instead  of  crumbling  to  the  fine  condition  of  a  loam,  as  it  does  when  well  drained,  by  the 
descent  of  water  through  it,  heavy  clay  soil,  being  rapidly  dried  by  evaporation,  shrinks  into  hard 
masses,  separated  by  wide  cracks. 

In  short,  in  wet  seasons,  on  such  land,  the  crops  will  be  greatly  lessened,  or  entirely  destroyed, 
and  in  dry  seasons  cultivation  will  always  be  much  more  laborious,  more  hurried,  and  less  complete 
than  if  it  were  well  drained. 


THE  ENGINEERING   OF   UNDER-DRAINAGE. 

In  the  work  referred  to,  I  have  set  forth  in  detail  the  technical  processes  by  which  the  land 
is  to  be  contoured,  its  necessary  topographical  features  recorded,  and  the  alignment  of  its  under- 
drains  laid  out.  These  are  indicated  in  Plate  XXV.,  page  251,  in  connection  with  the  under-drainage  of 
the  sewage-disposal  field  at  the  Norristown  Asylum.  The  accompanying  Plate  XXVIII.,  showing  the 
drainage  of  Ogden  Farm,  long  occupied  by  the  author,  does  not  give  the  contour  lines  on  which  the 
work  was  based,  but  the  check-line  elevations  indicates  them  sufificiently.  The  cut  (Fig.  75)  showing 
the  under-drainage  at  Sandy  Point  Farm  gives  contour  lines  and  levels,  as  does  Plate  XXIX., 
being  under-drainage  executed  for  S.  W.  John,  Selma,  Ala. 

The  above  work  is  based  on  the  general  principle,  which  holds  good  in  ordinary  soils,  that 
drains  4  feet  deep  may  be  40  feet  apart.  In  very  heavy  soils  they  should  be  at  less  intervals; 
in  lighter  soils  they  may  be  at  wider  intervals.  If  deeper,  they  may  be  farther  apart,  and  if 
shallower  they  must  be  nearer  together.  The  range  according  to  quality  of  soil  would  be,  perhaps 
— for,  after  all,  there  is  no  fixed  rule — for  3-foot  drains,  intervals  from  15  feet  to  30  feet;  4-foot  drains, 
from  30  feet  to  60  feet ;  and  5-foot  drains,  from  40  feet  to  lOO  feet.  It  is  sometimes  wise  to 
construct  the  drains  at  double  intervals.  For  example,  if  the  ground  is  rather  light  than  heavy,  4-foot 
drains   may   be  laid   at    intervals   of   80   feet,    with    a   view   to    the    future   construction    of   intermediate 
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drains  reducing  the  intervals  to  40  feet  sliould  the  first  prove  in  time  to  be  insufficient.  Concerning 
tliis,  as  with  other  details  of  the  work  and  with  all  work  that  cannot  be  based  on  fixed  rules, 
the  experience  and  judgment  of  the  engineer  are  of  the  greatest  importance,  especially  in  securing  a 
good  result  without  excessive  cost.  It  is  not  fair  to  a  client  to  make  him  pa)'  for  fift\'  per  cent, 
more  work  than  is  necessary  for  the  sake  of  securing  one's  reputation  absolutely  against  failure. 
This  is  true  everywhere,  and  it  is  especially  true  in  under-drainage  where  intermediate  drains  may 
be  introduced  subsequently  without    the  loss  of  work  already  done. 

Under-drainage  as  ordinarily  carried    on  may  be  divided    into   two  classes: 

(i)  Thorough  drainage,  where  the  object  is  to  give  a  free  and  prompt  discharge  to  rain-water  fall- 
ing on  the  surface  and  percolating    through  the  soil. 

(2)  The   removal  of  spring  and  seepage  water  due  to  sources    outside   of  the    area    to    be    drained. 

In  the  first  case,  the  drains  should  be  laid  as  n(4arly  parallel  as  the  conformation  of  the  ground 
will  allow,  and  as  nearly  as  practicable  at  right  angles  to  the  contour-lines  of  the  surface.  It  was  long 
considered  best,  and  is  even  yet  not  entirely  obsolete,  to  lay  under-drains  diagonally  along  the  slope  of 
the  land,  with  a  view  to  catching  the  flow  from  above.  This  is  not  the  way  to  secure  the  best  effect 
from  the  work,  as  will  be  understood  if  we  will  consider  the  ground  to  be  drained  in  small  sections, 
say  a  yard  wide,  running  along  the  hill  at  right  angles  to  the  slope.  For  a  short  section  like  this 
the  slope  is  of  no  account.  It  may  be  treated  as  level  land.  As  level  land,  it  is  most  economically 
drained  by  crossing  it  at  intervals  of  40  feet  (more  or  less)  by  lines  of  drain  tile.  The  next  }"ard  in 
width  above  it  and  the  next  yard  in  width  below  it  are  similarly  situated,  and  they  may  best  be 
drained  by    continuing  the    same    tiles  across   them,  and  so  on   for   the  whole   hill-side. 

If  we  run  a  drain  across  a  slope,  it  will  have  a  good  effect  for  a  certain  distance  above  it,  but 
the  land  below  it  soon  becomes  too  low  to  drain  toward  it,  and  nearly  the  whole  interval  between 
the  parallel   lines  must   send    its    water   to   the    drain  at    its  lower    side. 

In  the  second  case,  where  the  object  is  to  intercept  extraneous  water,  it  is  much  the  most  effec- 
tive plan  to  carry  drains  across  the  slope  in  such  a  manner  as  to  cut  off  seepage  from  land  beyond. 
Usually,  one  such  drain  at  the  upper  edge  of  the  tract,  to  act  as  a  header,  is  all  that  is  required  for 
this  work.  The  extraneous  land  being  cut  off,  the  land  below  the  header,  if  to  be  drained  at  all, 
may  best  be  drained  b)'  the  perpendicular  S}'stem.  To  get  the  full  effect  desired  from  the  header 
drain,  it  is  often  necessary  to  go  much  deeper  than  the  level  at  which  it  is  proposed  to  lay  the  tile 
by  which  the  water  is  to  be  carried  off,  filling  the  ditch  below  with  stones  or  gravel,  allowing  the 
water  to  rise  from  the  intercepted  stream  to  the  line  of  exit.  If  the  ditch  crosses  a  rather  free  seam 
of  water,  the  lower  side  of  it  should  be  well  puddled  with  clay  to  cause  the  flow  to  rise  to  the  line 
of  the  tile.  If  the  tile  can  be  laid  at  the  bottom  of  or  below  the  porous  stratum,  this,  of  course,  is  not 
necessary.  If  the  purpose  is  to  drain  away  water  which  now  appears  at  the  surface  in  the  form  of 
springs,  the  proper  plan  is  not  to  try  to  circumvent  the  spring  and  cut  off  its  source  beyond,  but  to 
drive  straight  into  it  and  through  it  at  a  depth  which  will  withdraw  all  its  water  to  a  sufficient  depth 
to  be  out   of  the  way. 

Draining-tiles  have  been  made  of  various  forms.  The  oldest,  and  the  least  desirable,  is  the  horse- 
shoe tile,  which  was  made  before  the  introduction  of  the  tile-machine  by  moulding  a  flat  cake  of  clay 
over  a  former,  and  which,  being  largely  in  use,  because  originally  the  only  tile  available,  continued  to 
be  made  after  the  introduction  of  machines.  This  tile  is  not  to  be  recommended  for  use  under  any 
circumstances. 

The  next  step  was  to  make  what  is  called  the  sole  tile,  being  a  round  or  egg-shaped  pipe  with  a  flat 
bottom,  sometimes  also  with  a  flat  top,  so  that  it  might  be  laid  either  side  up.  These  are  used  con- 
siderably, but  they  are  objectionable  because  of  the  difficulty  of  protecting  their  joints  properly  and 
because  of    their  liability  to  warp    out   of    shape.     The     best    for  all    uses,    especially  with   the    smaller 
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sizes,  are  the  round  tiles,  wliicli  are  now  cliiefl}-  made.  Tliey  can  be  laid  on  any  side,  so  that  if  warped 
they  will  still  have  a  true  flow-line.  Their  joints  may  be  protected  by  encircling  collars,  or,  better 
still,  by  a  wrapping  of  muslin,  which  will  last  at  least  until  the  earth  is  perfectly  compacted  around 
them  and    is  no   longer  likely   to   enter  them. 

How  DOES  Water  enter  the  Tiles? — This  is  the  first  question  asked  by  the  novice,  and  it  is 
not  always  correctly  answered  by  those  who  have  had  experience.  The  general  assumption  seems  to  be 
that  a  drain  having  been  constructed  under  the  ground,  the  water  will  run  toward  it  from  the  adjoin- 
ing ground  on  each  side.  To  a  very  slight  degree  this  is  true,  but  in  heavy  lands  it  can  be  true 
only  for  a  ver)'  short  distance.  In  saturated  grounds  the  drains  lower  the  whole  water-level  so  that 
the  line  of  saturation,  sufficiently  long  after  a  rain,  will  be  nearly  or  quite  on  the  same  plane  with  the 
floor  of  the  tile  from  one  drain  to  another.  If  now  a  heavy  rain  falls,  the  water  descends  through  the 
drained  ground  directly  down  to  this  plane  of  saturation,  raising  its  level  throughout  the  whole  area.  As 
it  rises  above  the  floor  of  the  tile,  it  enters  the  joints  from  below  and  flows  off  just  as  it  would  begin 
to  flow  over  the  crest  of  a  mill-dam  if  a  partly  filled  pond  were  caused  by  rain  to  rise  to  that 
height.  The  first  water  to  escape  is  that  which  lies  near  to  the  lines  of  drain,  but  the  water  of  the 
area  between  is  constantly  descending  by  gravity  and  forces  a  corresponding  volume  out  at  the  lines  of  exit. 

The  Size  of    Tiles  —There   is    no  special    reason,    save    for    the   question    of    cost,   for  using    tiles 

smaller  than  two  inches  in  diameter,  but  the  difference   in   first   cost   is  considerable,  and   if  transportation 

is  an   important   item  it  would    be   better   to   use  one-and-one-half  or  even   one  and-one-quarter-inch    tiles. 

The  latter  size,  if  properly  laid  and  if  jointed   securely  together  at  its  ends,  will  give  ample  outlet  to  the 

drainage    of    an  acre    of  land.     The    calculation    is    usually  made   according    to    lengths      When    tiles  are 

placed   40  feet    apart    oneandone-quarter    inches  is    ample    for    the   removal   of    the    water  that    will  be 

received  by   a    drain    1,000   feet    long.     In    nearly  all    cases   it  would   suffice  for  twice   this   length,  or   for 

two  acres;    but   in  view   of   the   irregularity  of  form,  and  the   necessary  contraction  of  the  channel  at  the 

joints  where  two  tiles  of   irregular  form  come  together,  it   is  better  to  adhere  to  the  former  limit.     If  the 

tiles  are  well  laid  the    larger  sizes  will   furnish  a  suf^cient  outlet  for  the  areas   given  in  the   following 

table : 

\-\  inch   tile,  2  acres 


2 

5 

24 

8 

3 

15 

4 

30 

5 

40 

6 

50 

8 

(or 

two  6- 

•inch  tiles). 

100  acres. 

It  is  not  pretended  that  these  drains  will  immediately  remove  all  the  water  of  the  heaviest  storms, 
but  they  will  always  remove  it  fast  enough  for  all  practical  purposes,  and,  if  the  pipes  are  securely  laid,  the 
drains  will  only  be  benefited  by  the  occasional  cleansing  they  will  receive  when  running  "more  than   full." 

Inclination  and  Grade. — The  only  rule  that  can  be  stated  on  these  points  is  to  get  all  the 
inclination  you  can  and  to  make  the  grade  true,  using  especial  care  with  slight  falls.  A  drain  that  is 
absolutely  level,  or  even  if  it  rises  somewhat  and  is  higher  at  the  outlet  than  at  the  head,  will  dis- 
charge all  of  the  water  that  it  is  capable  of  carrying  under  the  head  produced  in  the  water  in  which  it 
is  imbedded,  proper  deduction  being  made  for  friction.  The  objection  to  very  flat  grades  lies  in  the 
tendency  of  water,  entering  the  tiles  from  ground  that  is  at  all  inclined  to  run,  to  bring  silt  with  it. 
This  is  likely  to  be  deposited  by  a  sluggish  flow,  and  especially  in  depressions  of  grade.  It  is  better  to 
increase  the  grade  as  the  outlet   is  approached   than   to  decrease  it. 


Plate  XXIX, 
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Obstructions. — If  tile-drains  are  properly  laid,  properly  jointed,  and  properly  covered,  they  are 
not  likely  to  become  obstructed  (unless  in  exceptional  cases  by  soil)  by  any  other  accident  than  the 
intrusion   of    the  roots  of  water-loving  trees. 

If  tiles  are  covered  by,  or  imbedded  in,  porous  material,  with  the  mistaken  idea  that  this  will 
cause  them  to  receive  water  more  freely,  they  are  always  in  danger  of  having  dirt  washed  into  them 
by  runnels  of  water  through  the  loose  filling.  They  should  be  closely  packed  in  the  firmest  earth  that  is 
taken  out  of  the  ditch,  every  precaution  being  taken  to  prevent  water  from  entering  them  in  any  way 
but  by  its  gradual  rising  from  below.  However  careful  you  may  be,  a  drain  that  carries  water  at  a 
time  when  the  ground  about  it  is  dry  will  be  quite  sure  to  be  entered  by  the  roots  of  elms,  willows, 
and  similar  trees,  standing  even  at  a  considerable  distance.  There  is  apparently  no  remedy  for  this 
short  of  the  destruction  of  the  trees.  We  have  to  take  our  choice  between  losing  the  trees  and  run- 
ning the  risk  of  a  frequent  need  for  taking  up  the  tile  to  free  it  from  roots.  Gisborne,  one  of  the  best 
writers  on  land-drainage,  says  : 

"My  own  experience  as  to  roots  in  connection  with  deep  pipe-draining  is  as  follows:  I  have 
never  known  roots  to  obstruct  a  pipe  through  which  there  was  not  a  perennial  stream.  The  flow  of 
water  in  summer  and  early  autumn  appears  to  furnish  the  attraction.  I  have  never  discovered  that 
the  roots  of  any  esculent  vegetable  have  obstructed  a  pipe  The  trees  which,  by  my  own  personal 
observation,  I  have  found  to  be  most  dangerous  have  been  red  willow,  black  Italian  poplar,  alder, 
ash,  and  broad-leaved  elm.  I  have  many  alders  in  close  contiguity  with  important  drains,  and,  though 
I  have  never  convicted  one,  I  cannot  doubt  that  they  are  dangerous.  Oak  and  black  and  white 
thorns  I  have  not  detected,  nor  do  I  suspect  them.  The  guilty  trees  have  in  every  instance  been 
young  and  free-growing;  I  have  never  convicted  an  adult.  These  remarks  apply  solely  to  my  own 
observation,  and  may,  of  course,  be  much  extended  by  that  of  other  agriculturists.  I  know  an  in- 
stance in  which  a  perennial  spring  of  very  pure  and  (I  believe)  soft  water  is  conveyed  in  socket-pipes 
to  a  paper-mill.  Every  junction  of  two  pipes  is  carefully  fortified  with  cement.  The  only  object  of 
covering  being  protection  from  artificial  injury  and  from  frost,  the  pipes  are  laid  not  far  below  the 
sod.  Year  by  year  these  pipes  are  stopped  by  roots.  Trees  are  very  capricious  in  this  matter.  I  was 
told  by  the  late  Sir  R.  Peel  that  he  sacrificed  two  young  elm-trees  in  the  park  at  Drayton  Manor  to  a 
drain  which  had  been  repeatedly  stopped  by  roots.  The  stoppage  was  nevertheless  repeated,  and  was 
then  traced  to  an  elmtree  far  more  distant  than  those  which  had  been  sacrificed.  Early  in  the  autumn 
of  1850  I  completed  the  drainage  of  the  upper  part  of  a  boggy  valley,  lying,  with  ramifications,  at  the 
foot  of  marly  banks.  The  main  drains  converge  to  a  common  outlet,  to  which  are  brought  one  three-inch 
pipe  and  three  of  four  inches  each.  They  lie  side  by  side,  and  water  flows  perennially  through  each  of 
them.  Near  to  this  outlet  did  grow  a  red  willow.  In  February,  1852,  I  found  the  water  breaking  out 
to  the  surface  of  the  ground  about  ten  yards  above  the  outlet,  and  was  at  no  lo.ss  for  the  cause,  as  the 
roots  of  the  red  willow  showed  themselves  at  the  orifice  of  the  three-inch  and  of  two  of  the  four- 
inch  pipes.  On  examination  I  found  that  a  root  had  entered  a  joint  between  two  three-inch  pipes,  and 
had  travelled  five  yards  to  the  mouth  of  the  drain,  and  nine  yards  up  the  stream,  forming  a  continu- 
ous length  of  fourteen  yards.  The  root  which  first  entered  had  attained  about  the  size  of  a  lady's  little 
finger;  and  its  ramifications  consisted  of  very  fine  and  almost  silk}-  fibres,  and  would  have  cut  up  into 
half  a  dozen  comfortable  boas.  The  drain  was  completely  stopped.  The  pipes  were  not  in  any  de- 
gree displaced.  Roots  from  the  same  willow  had  passed  over  the  three  inch  pipes,  and  had  entered 
and  entirely  stopped  the  first  four-inch  drain,  and  had  partiall)'  stopped  the  second.  At  a  distance 
of  about  fifty  yards  a  black  Italian  poplar,  which  stood  on  a  bank  over  a  four-inch  drain,  had  com- 
pletely stopped  it  with  a  bunch  of  roots.  The  whole  of  this, had  been  the  work  of  less  than  eighteen 
months,  including  tiie  dci)th  of  two  winters.  A  three-inch  branch  of  the  same  s)-stcm  runs  thrimgh  a 
little  group  of  black  poplars  This  drain  convej-s  a  full  stream  in  plashes  of  wet,  and  some  water  gen- 
erally through  the  winter  months,  but  has  not  a  perennial  flow.  I  iiave  perceived  no  iiulication  that 
roots  have  interfered  with  this  drain.  I  draw  no  general  conclusions  from  these  few  facts,  but  they 
may  assist  those  who  have  more  extensive  experience  in  drawing  some  which  may  be  of  use  to 
drainers." 
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Under-drainage  is  of  interest  and  value,  not  only  with  reference  to  agricultural  improvement,  but 
with  a  view  to  the  removal  of  malarial  conditions.  It  is  probably  in  this  connection  that  it  will  have 
its  chief  interest  for  the  engineer.  Its  bearing  on  this  subject  is.  more  fully  set  forth  in  Chapter 
XXX.,  which  is  devoted  to  the  consideration  of  malarial  conditions,  with  the  special  reference  to  their 
relation  to  soil-moisture.  ^ 


RECLAMATION   OF   MARSH    LANDS. 

It  was  the  original  intention  to  devote  a  separate  chapter  to  this  head,  but  it  was  found  that 
in  order  to  treat  it  satisfactorily  much  more  space  would  be  required  than  the  scope  of  the  book 
would  allow.  Therefore,  it  has  been  decided  to  give  here  only  a  brief  summary  of  leading  points  to  be 
considered.  Most  of  these  apply  equally  to  the  drainage  of  low-lying  and  large  areas  which  are  not 
distinctly  of  a  marshy  character,  but  which  cannot  be  properly  drained  without  a  radical  improvement 
of   the   means   of  outlet — an   improvement   requiring  the   intervention   of  engineering  skill. 

Marshes  of  the  character  under  consideration  are  the  result  of  causes  due  to  the  action  of  standing 
water,  either  by  means  of  sedimentation,  by  the  accumulation  of  organic  detritus,  or  both.  Their 
improvement  implies  at  the  outset  the  removal  or  the  overcoming  of  the  causes  which  led  to  the 
ponding  of  the  water.  Whether  this  is  due  to  the  too  slow  removal  of  tidal  water  or  to  the  inability  of 
upland  waters  or  inland  streams  to  flow  off  completely,  the  water  causing  mischief  must  either  be 
prevented  from  invading  the  land,  or  must  be  given  free  means  for  flowing  away  from  it.  That  is  to 
say,  the  water  of  the  sea  and  the  water  of  streams  must  be  prevented  from  flowing  over  the  land 
by  the  construction  of  proper  barriers,  or,  in  the  case  of  a  river,  by  improving  its  channel  so  as  to  keep 
it  within  its  banks  during  floods  ;  and  means  must  also  be  provided  for  the  removal  of  the  drainage- 
water  of  the  land  itself  where  this  has  reached  it  in  the  form  of  rain  or  in  the  form  of  floods  from 
beyond  its  limits.  The  latter  source  of  invasion  may  generally  be  best  met  by  the  use  of  catch-water 
drains  or  channels  leading  upland  water  away  by  itself.  The  water  coming  as  rain  or  from  springs  can 
be    removed    only    by    direct    drainage. 

Ihe  most  important  question  to  be  considered  in  this  connection  relates  to  the  relative  advantages 
of  gravity  outlets  and  of  artificial  pumping.  The  latter  has  the  great  advantage  of  being  always 
under  control,  and  of  being  to  no  serious  degree  dependent  on  the  maintaining  of  a  channel  whose 
improvement  may  be  embarrassed  by  rights  of  navigation  or  by  mill  rights,  and  the  cost  of  which 
can  be  met  only  by  association  with  other  owners,  often   requiring  governmental  interference. 

W.  H.  Wheeler  *  speaking  of  the  drainage  of  certain  fen  lands  in  England  which  had  been 
referred  to  him,  arrived  at  the  conclusion  after  a  thorough  investigation,  "  that  efficient  drainage  of  the 
low  fen  lands  in  this  district  by  gravitation  was  not  advisable,  and  that  the  cost  of  draining  by  steam- 
power  would  be  less  than  by  gravitation.  The  interest  on  the  outlay  for  the  money  required  for 
carrying  out  the  gravitation  scheme  would  have  put  a  greater  tax  by  about  two  shillings  an  acre  on 
the  land  than  that  required  for  the  improvement  of  the  present  outfall  and  the  continuance  of  steam- 
power. 

"The  great  improvements  which  have  been  made  in  the  steam-engine  and  the  water-raising 
machines,  together  with  the  greater  facilities  for  obtaining  and  the  lower  price  of  coals,  have  very  con- 
siderably reduced  the  cost  of  lifting  water  as  compared  to  what  it  was  when  many  of  the  improve- 
ments for  the  drainage  of  the  fen  land  were  carried  out.  There  is  no  doubt,  if  the  work  had  to  be 
done  now,  the  engineers  engaged  in  those  works  would  have  trusted  more  to  mechanical  lifting  than 
to  gravitation. 

"  The  choice  as  between  gravitation  and  steam-power  for  draining  low  lands  resolves  itself  into  a 
question  of  cost.     If  the  annual   charge   for   interest   on  the  outlay  for  a  gravitation  scheme,  with   a  pro- 

*"Thc    Drainage   of   Fens   and    Low   Lands  by   Gravitation    and   Steam-Power."     Spon  :     London   and  New   York.    1888. 
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portionate  sum  for  repayment  of  the  principal,  exceeds  the  average  annual  cost  for  a  pumping  station, 
then  the  steam-power  is  decidedly  preferable,  not  only  as  being  more  economical,  but  as  rendering  the 
district  more  thoroughly  independent  of  outside  circumstances.  The  annual  charge  for  a  gravitation 
scheme  is  constant,  be  the  season  wet  or  dry;  whereas,  a  pumping-station  adapts  itself  more  readily 
to  the  actual  work  to  be  done,  the  charge  for  coals  varying  with  the  amount  of  water  to  be 
pumped." 

A  very  instructive  paper  on  "  Arterial  Drainage  and  Outfalls  "  was  contributed  by  R.  B.  Grantham, 
M.  Inst.  C.  E.,  to  the  Institution  of  Civil  Engineers,  and  is  to  be  found  in  its  "  Proceedings,"  vol.  xix. 
This  paper  was  presented  in  1859  when  chief  reliance  was  placed  on  gravity  outlets.  The  author 
thus  indicates  the  principle  of  improving  rivers  in  flat  countries,  maintaining  (i)  that  catch-water  drains, 
for  leading  highland  waters  directly  to  the  river,  intercepting  them  from  the  land  to  be  drained,  are 
of  great  utility,  and  that  where  there  is  considerable  fall  they  can  be  made  of  great  value  for  irriga- 
tion, for  water-power,  and  for  such  storage  of  hill-flow  as  will  cause  a  deposit  of  silt  under  conditions 
that  make  its  removal  easy.  (2)  Where  practicable,  drainage  channels  should  be  kept  separate 
from  navigation  channels,  the  interests  of  navigation  requiring  that  the  water  be  held  at  a  considerable 
height,  and  of  the  other  that  it  be  lowered  as  much  as  possible.  (3)  Improved  rivers  or  drains  should 
be  excavated  in  flat  lands  to  level  bottoms,  "  for  they  then  serve  as  reservoirs  for  the  water  during 
the  time  the  sluices  are  closed,  the  water  suffers  less  friction,  and,  as  Smeaton  states,  the  whole  body 
of  the  water  is  in  motion."  (4)  The  cills  of  outfalls  should  be  placed  about  two  feet  below  low 
water  to  give  sufificient  section  of  the  stream  for  the  free  discharge  of  the  drainage.  (5)  Overfall  weirs 
and  reservoirs  may  with  advantage  be  used  for  the  retention  of  mud  and  sand,  which  "  would  prevent 
the  drains  from  becoming  choked  as  well  as  permit  their  being  cleared  out  in  dry  weather  without 
interfering  with  the  action  of  the  drains."  It  is  well  set  forth  in  Mr.  Grantham's  paper,  and  in  the 
discussion  which  followed  it,  that,  especially  in  the  drainage  of  peaty  soils,  water  should  not  be 
removed  lower  than  about  three  feet  below  the  surface  of  the  land,  after  settlement,  or  that  means 
should  be  provided  for  supplying  and  retaining  water  at  least  at  this  height  during  dry  weather  as  a 
provision  against  drought. 

In  1883  James  T.  Gardiner,  C.E,  Director  of  the  State  Survey  of  New  York,  made  an  investiga- 
tion as  to  the  drainage  of  the  Tonawanda  and  Oak-Orchard  swamps  in  the  western  *  part  of  that 
State.  This  paper  includes  a  useful  statement  of  the  general  principles  affecting  the  improvement  of 
the  outlets  of  extensive  marshes,  with  reference  to  pertinent  investigations  in  England  and  elsewhere 
as  to  the  relation  between  rainfall  and  evaporation  and  the  influence  of  woods.  He  reaches  the  fol- 
lowing  conclusion  as  to  the  requirements  of   drainage  canals  in    that    locality  : 

"  In  constructing  drainage  canals  in  the  western  part  of  the  State,  I  think  the  following  rule  may 
be  laid  down  :  The  water-way  should  be  capable  of  discharging  b}-  the  first  of  Ma)'  all  the  rainfall  of 
March  and  April,  together  with  water  from  the  melting  of  snow  accumulated  on  the  water-shed  on 
the  first  of  March.  With  an  outfall-channel  of  this  capacity  there  can  be  no  danger  of  overflowing 
the  surrounding  lands  after  the  first  of  May.  An}'  j'ear  when  a  maximum  spring  rainfall  occurs, 
together  with  large  accumulations  of  snow  in  March,  a  channel  planned  on  this  rule  might  run  full  to 
its  brim  during  March  and  April,  or  might  under  certain  circumstances  be  liable  to  overflow  late  in 
March  and  early  in  April ;  but  from  the  first  of  May  onward  the  water  flowing  in  the  channel  would 
steadily  fall.  The  May  and  Jui\e  flow  is  not  likely  to  be  over  half  that  of  March  and  April,  and  the 
flow  of  July,  August,  and  September  is  not  likely  to  be  more  than  a  quarter  of  the  spring  flow.  The 
flow  of  October  and  November  will  probably  be  one-half  to  one-third  of  that  of  the  spring  flow. 
This  lowering  of  the  water-surface  during  late  spring,  summer,  and  autumn  in  the  principal  outfall- 
channel  greatly  facilitates  the  discharge  of  the  lateral  ditches  in  the  season  when  it  is  necessaiy 
.thoroughly  to  drain  adjacent   lands  for  agricultural    purposes." 

*  Fourth   annual    report  of  the  State   Board   of  Health    of  New   York. 
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The  motion  of  water  in  drains,  its  velocity,  and  the  inclination  of  its  surface  are  thus  stated  by 
Wheeler:  * 

"  The  motive  power  which  causes  water  to  flow  to  its  ultimate  destination,  the  sea,  is  that  due  to 
gravity,  each  particle  of  the  fluid  endeavoring  to  attain  the  lowest  level.  ...  If  the  bottom  of  the  drain 
be  perfectly  flat,  so  long  as  there  is  any  fall  in  the  surface  of  the  water  the  particles  at  the  higher  end 
will  continue  to  move  until  they  have  arrived  at  the  lower  level ;  and  as  every  particle  is  free  to  move, 
the  whole  mass  of  water  in  the  channel,  from  the  surface  to  the  bottom,  will  be  in  motion  until  a  low- 
level  horizontal  surface  is  attained.  ... 

"The  velocity  is  governed  by  the  rate  of  inclination  of  the  surface  of  the  water,  and  not  of  that 
of  the  bottom  of  the  drain.  The  velocity  of  the  water  due  to  gravity  is  checked  and  retarded  by  the 
friction  of  the  water  against  the  rubbing  surfaces  with  which  it  comes  in  contact ;  this  rubbing  surface 
consists  of  the  sides  and  bottom  of  the  drain,  weeds,  sides  of  bridges,  and  other  impediments.  A  deep 
stream,  therefore,  having  less  rubbing  surface,  has  a  greater  velocity  for  the  same  inclination  than  a 
shallow  one,  and  a  drain  with  a  regular  channel  will  discharge  more  water  than  one  with  shoals  and 
depressions  in  its  bottom  or  having  frequent  bends.  The  velocity  of  a  stream  is  in  proportion  to  the 
square  root   of  the  depth.  ..." 

"The  object  to  be  sought  in  laying  out  a  drain  in  a  flat  country  is  to  provide  a  channel  wherein 
the  water  shall  be  moved  along  its  intended  course  with  such  ease  that  as  small  an  inclination  and 
area  shall  be  used  as  possible.  ...  If  weeds  are  allowed  to  grow  in  the  drains  considerable  deduction 
must  be  made  from  the  theoretical  calculation,  not  only  from  the  fact  that  they  abstract  from  the 
area  of  the  drain,  but  necessarily  retard   the   flow  of  the  water  .   .  ." 

"The  following  is  an  illustration  of  the  way  in  which  weeds  hold  up  the  water.  In  the  river  Hull, 
in  Yorkshire,  over  a  distance  of  fivc-and-three-quarter  miles  between  Hempholme  Lock  and  the  South 
Bullock  pumping-station,  which  is  about  twelve  miles  above  the  junction  of  this  river  with  the  Hum- 
ber,  in  July,  1887,  previous  to  the  cutting  of  the  weeds,  the  mean  inclination  in  the  surface  at  low  water 
was  at  the  rate  of  o  63  feet  per  mile.  After  the  weeds  were  cut  between  these  stations  and  in 
the  river  below  this  was  reduced  to  0.15  feet  per  mile,  the  water  standing  at  Hempholme  Lock,  at 
low  water,  2.84  feet  lower  after  all  the  weeds  were  cut  than  it  did  before  the  cutting  com- 
menced. The  lowering  of  the  level  and  the  decrease  in  the  rate  of  inclination  was  progressive  as  the 
cutting  went  on.  .  .   . 

"  Every  inch  of  fall  being  of  value  in  flat  districts,  the  area  of  the  drain  is  so  proportioned  that 
the  surface  inclination  of  the  water  in  the  drain  is  reduced  to  as  low  a  rate  as  is  compatible  with  the 
ef^cient  discharge  of  the  water.  Dubuat  considered  that  the  eighth  of  an  inch  in  a  mile  would  cause 
a  sensible  movement  in  a  canal." 

Wherever  possible,  the  outlet  channel  should  be  so  regulated  that  from  one  month  before  the 
usual  time  for  ploughing  until  winter  rains  set  in,  after  the  crops  are  removed,  the  surface  of  the  water 
shall  be  at  least  3  feet,  and  better  4  feet,  belov/  the  surface  of  the  adjoining  land — 3  feet  being  the 
least  satisfactory  depth  for  local  drains. 

In  the  drainage  of  peat-lands,  whether  large  or  small,  great  allowance  must  be  made  for  the 
shrinkage  of  the  material  as  the  water  is  withdrawn.  In  one  case  in  my  own  practice  the  drainage  of 
a  peat-swamp  to  a  depth  of  5  feet  left  the  surface  a  year  later  less  than  i  foot  above  the  water- 
level.  Those  swamps  in  which  "a  pole  may  be  run  down  20  feet"  are  to  be  regarded  with  suspicion. 
They  are  not  usually  good  subjects  for  the  land-drainer's  art.  While  peat  (muck)  is  often  excellent 
material  to  be  added  to  ordinary  farming  lands,  it  is  not  in  itself  of  much  value  for  farming  purposes, 
unless  containing  a  large  proportion  of  earthy  silt.  Peat  lying  on  sand  is  often  not  worth  the  cost  of 
reclamation  ;  but  if  lying  on  a  clay  soil  or  on  a  good  loam  it  is  an  excellent  subject  for  drainage,  if 
the    water    can    be    reduced    sufficiently    below  the  level  of  the  solid   underlying  material. 

The  construction  oi  embankments,  dikes,  sluices,  gates,  interior  drainage  channels,  and  ]iumping 
machinery  cannot  properly   be  discu.ssed   within   the  necessary   limits  of  this  chapter.      Some    suggestions- 

*  Drainage  of  Fens. 


LAND-DRAINAGE  AND    THE   RECLAMATION  OF  MARSH  LANDS.  347 

concerning  them  will   be  found  in  the  chapter  on   the  drainage  of   Holland,  and  they   are  all  adequately 
treated  in  technical  works  on  the  subject. 

The  conclusion  to  be  reached  from  a  complete  study  of  the  subject  is,  that  unless  a  gravity 
outlet  can  be  secured  without  great  cost  and  without  the  danger  that  it  will  require  frequent  heavy 
expenditure  to  maintain  it,  the  drainage  of  marsh  lands  will  usually  be  more  economical  and  more 
satisfactory  if  reliance  is  placed  on  pumping  rather  than  on  a  "natural  outfall." 


CHAPTER   XXX. 

MALARIA. 

*T^ORTUNATELY,  the  question  of  malaria  has  not  with  us,  in  our  temperate  climate,  the  fatal 
,  1  [  significance  that  it  has  in  the  tropics.  With  the  exception  of  yellow  fever,  which  reaches  us 
but  rarely,  and  which  seems  to  require  for  its  development  something  more  than  the  ordinary 
malarial  condition — probably  the  concurrence  of  filth — we  have  no  disease  of  miasmatic  origin  that  is 
seriously  fatal.  However,  the  milder  but  still  persistent  types  of  malarial  affection  are  very  widely 
scattered  throughout  most  of  the  United  States,  and  when  we  consider  the  degree  to  which  this 
affection  produces  discomfort  and  disability,  and  the  results  of  its  complication  with  other  diseases, 
we  may  justly  regard  it  as  one  of  the  most  serious  scourges  to  which  we  are  subjected.  It  does 
not  figure  to  any  great  extent  in  our  DEATH  RATE,  but  it  most  seriously  aggravates  our  HEALTH-RATE, 
and  it  lowers  to  a  marked  degree  the  industrial  capacity  of  communities  subject  to  it. 

This  disease  is  singled  out  for  exceptional  treatment  here  because  of  the  well-founded  belief 
that  it  is  largely  due  to  excessive  soil-moisture,  and  that  good  drainage  constitutes  almost  universally 
its  most  effective  remedy.  It  is  not  proposed  to  touch  upon  its  characteristics  as  a  disease,  nor  upon 
its  medical  treatment ;  only  to  consider  its  causation  and  the  manner  and  e.xtent  to  which  it  may 
be  prevented  or  modified  by  improved  drainage. 

As  to  its  causation,  we  are  really  much  less  clear  now,  when  we  know  so  much  more  about  it, 
than  our  grandfathers  were  with  their  limited  knowledge  and  more  positive  hypotheses.  A  belief  in 
the  relation  between  malaria  and  undue  soil-moisture  has  prevailed  through  all  time,  so  far  as  our 
records  reach.  There  is  little  doubt  that  not  only  the  Romans,  but  the  races  who  preceded  them  in 
Southern  Italy,  held  this  belief  and  acted  upon  it.  The  drainage  works  of  the  Roman  Campagna, 
which  are  supposed  to  iiave  existed  before  the  Roman  period,  were  probably  carried  out  with  the 
intention  and  with  the  effect  of  increasing  the  salubrity  of  the  countrj'.  It  is  thought  that  it  is 
largely  due  to  the  fact  that  these  works  have  fallen  into  disuse  that  the  Campagna  owes  its  present 
gravely  unhealthy  state.  The  belief  that  malaria  is  caused  by  marshy  conditions  was  formulated  and 
clearly  set  forth  by  Lancisi  in  the  seventeenth  century.  His  writings  and  the  records  of  the  observations 
and  discussions  of  his  successors  for  a  century  and  a  half  constituted  the  basis  for  MacCulloch's 
elaborate    Essay.* 

MacCulloch  accepted  in  its  entirety  Lancisi's  theory  that  malaria  is  due  to  a  combination  of  exces- 
sive moisture,  a  certain  considerable  elevation  of  temperature,  and  the  decomposition  of  organic  matter. 
These  conditions  were  most  prevalent  in  the  case  of  actual  marshes,  the  uncovered  borders  of  which 
were  known  to  be  peculiarly  pernicious,  but  malaria  was  found  to  be  produced  very  extensively  in 
lands  which  were    not  at  all  of  a  marshy  character.     MacCulloch  says  : 

"  I    am   persuaded  that  it   will    be  found   the  very    common   cause  of    the  malaria  and  disease   pro- 

*  Malaria:  an  Essay  on  the  Production  and  Propagation  of  tliis  Poison,  and  on  tlic  Nature  and  Localiiics  of  the  Places  by  which 

it  is  produced,  with  an  Enumeration  of  the  Diseases  caused  by  it,  and  of   the  means  of    preventing  or  diminishing  them,  both  at  Home 

and  in  the  Naval  and  Military  Service.     By  John  MacCulloch,  M.D.,  F.R.S.,  etc.,  etc.,  Physician   in  Ordinary  to  His  Royal  Highness 

Prince  Leopold  of  SaxeCobourg.     Philadelphia;  Printed  and  Published  by  Thomas  Kite,  64  Walnut  St.     MDCCCXXIX. 
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duced  by  the  lands  of  this  class.  In  the  extreme  cases  it  is  inundation  and  subsequent  drying,  falling 
therefore,  to  be  considered  again  elsewhere;  in  others  it  is  that  drying  during  spring  and  summer 
which  follows  the  moist  or  wet  condition  of  such  meadow  lands,  as  they  are  left  by  the  winter  rains. 
Instances  of  this,  in  all  its  degrees,  abound  everywhere;  but  as  one  established  example  is  enough,  I 
may  point  out  the  lands  about  F'ontainebleau,  at  the  junction  of  the  Yonne  and  the  Seine,  notorious 
for  \.\\Q  filvni-dii-pays,  so  injurious  that  few  escape  fever  or  intermittent  over  a  considerable  tract; 
while  it  is  a  pure  example,  inasmuch  as  there  is  nothing  else  present — nothing  but  that  dryino-  of 
moist  meadows,  whether  previously  inundated  or  otherwise  wetted  in  winter,  which  takes  place  under 
the  summer  heats.  How  extensively  this  cause  operates  as  to  meadow-lands  in  all  cases,  be  their 
characters  what  they  may,  I  need  not  add  ;  and  I  may  therefore  safely  conclude  that  wherever  the 
heat   of  the   climate   is  sufficient,  such   tracts   will   be  among    the   most    common   causes  of  disease." 

He  cites  many  instances  in  England  where  the  presence  of  small  streams  and  of  soil-moisture  much 
less  marked  than  that  of  marshes  has  led  to  the  production  of  the  disease.  He  also  recognizes  the 
fact  that  complete  saturation  of  the  ground  is  less  to  be  feared  than  a  less,  but  still  sufficient,  state 
of  wetness. 

"This  fact  is,  in  another  sense,-  of  some  value  as  tending  to  explain  what  I  formerly  remarked 
respecting  the  occasional  increase  of  malaria  in  certain  parts  of  Europe  from  attempts  at  drainao-e.  It 
serves  to  show  what  was  then  suggested,  that  a  very  wet  state  of  the  soil  was  not  so  injurious  as 
some  one  intermediate  between  complete  inundation,  or    swampiness,  and  absolute  dryness." 

This   bad    effect    of  drainage  he  regarded,  however,  as  only  temporary,  for  he  says  : 

"  The  simplest  and  the  best  known  case  of  the  diminution  of  malaria  is  that  which  arises  from 
the  drainage  of  marshes,  swamps,  or  fens ;  and  to  that  drainage  government  and  the  people  both 
have  often  had  recourse  with  this  very  view,  since  this  is  a  part  of  the  subject  on  which  there  are  no 
differences  of  opinion." 

Again,   he  says : 

"  To  proceed  ;  and  to  the  reverse  case,  it  is  plain  that  wherever  a  tract  of  dry  land  has  been  con- 
verted into  a  marsh  by  inundation,  whether  from  a  breach  of  the  sea  or  the  overflowing  of  rivers,  we 
must  expect  an  event  the  opposite  of  the  preceding,  or  the  production  of  this  poison  where  it  was 
before  unknown.  I  need  not  dwell  on  a  subject  so  obvious  ;  but  the  history  of  all  lands  is  full  of  events 
of  this  nature,  even  on  a  great  scale;  while  on  a  smaller  one,  if  often  overlooked,  it  is  a  frequent  occur- 
rence, even  in  our  own  country,  from  the  inundation  of  rivers,  even  where  the  effect  is  far  short  of 
producing  a  swamp ;  being  often  the  neglected  cause  of  what  are  popularly  called  sickly  seasons  in 
certain  districts  of  England,  as  might   easily  be  proved  by  a  reference   to   facts  in  great  number. 

"  I  may  quote  one  instance  among  ourselves  of  the  complete  extirpation  of  malaria  by  the  drain- 
age of  a  very  small  piece  of  water,  and  it  is  worth  quoting,  as  equalh'  proving  a  then  almost  unsus- 
pected cause  and  its  remedy.  This  was  the  North  Loch  of  Edinburgh,  formerl}*  noted  for  producing 
agues,  which,  since  the  drainage  of  that  spot,  have  disappeared.  And  even  the  insignificance  of  this 
spot  renders  it  a  valuable  exr.mple,  as  proving  how  very  small  a  body  of  water  is  capable  of  being  a 
permanent  source  of  the  disorders  of  that  nature,  even  in  a  climate  so  little  favorable  to  the  produc- 
tion of  malaria  as  is   that   of    Edinburgh." 

In  MacCulloch's  time  the  means  did  not  exist  for  studj-ing  the  character  and  habits  of  the  minute 
organisms  which  arc  now  supposed  to  be  active  in  the  production  of  so  many  of  our  diseases,  but  he 
says : 

"That  the  poison  of  marshes  consisted  in  animalcule  invading  the  body  through  the  lungs,  some- 
times, I  presume,  through  the  stomach  also,  is  a  speculation  which  dates  as  high  as  Lucretius,  Varro, 
and  Columella,  which  seems  to  have  been  renewed  in  the  days  of  the  microscope  by  Kircher  and 
some   others,  and  appears,  naturally   enough,  to   have  found   favor   with   Linnaeus  " 
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One  of  the  most  interesting  of  modern  writings  on  the  subject  is  an  essay  of  more  than  forty 
years  ago  by  Dr.  John  Kearsley  Mitchell,  of  Philadelphia,  "  On  the  Cryptogamous  Origin  of  Malarious 
Epidemic  Fevers."  This  essay  also  was  written  long  before  the  perfection  of  the  microscope  enabled 
us  to  begin  the  study  of  microbes,  wliich  is  now  receiving  so  much  attention  in  the  scientific  world, 
but  it  foreshadows  the  results  of  that  investigation  in  a  rather  remarkable  way.  Dr.  Mitchell  advanced 
what  he  called  the  "  notion  "  that  malarial  infection  is  wrought  by  the  action  of  a  special  cryptogamic 
growth,  and  he  made  this  notion  fit  the  various  conditions  of  locality,  temperature,  and  season  favor- 
able to  the  production  of  malaria  in  a  manner  that  seems,  prima  facie,  more  universally  satisfactory 
than  any  previous  theory  on  the  subject ;  and  to  account  for  the  fact  that  malarial  fevers  are  much  the 
most  active  in  the  autumn,  at  a  time  when  lands  are  drier  and  when  the  temperature  is  lower  than 
in  summer.  It  is  at  this  season  that  the  growth  of  fungi  is  the  most  active.  In  like  manner,  if  we 
accept  the  fungoid  origin  we  may  better  understand  how  the  spread  of  the  fungus  should  be  arrested, 
as  is  the  progress  of  malaria  at  times,  by  a  wall,  a  road,  or  a  stream.  Dr.  Mitchell's  essay  cannot  be 
regarded  as  of  scientific  value,  but  it  must  seem  at  least  curiously  prophetic  in  view  of  the  now  pre- 
valent theories  which  connect  malaria  with  the  growth  of  an  infinitesimal  cryptogam  such  as  the 
bacillus  iiialaricB    of    Klebs    and  Tommasi  Crudelli.     He    says : 

"  The  only  theoretic  view  of  malaria  to  which  I  incline  is  that  which  refers  marsh  fevers,  and  some 
of  the  epidemic  diseases,  to  a  living  organic  cause,  capable  of  reproduction  by  germs,  as  is  alleged  of 
contagious  diseases  ;  but  unlike  the  latter  in  this,  that  the  germs  are  not  reproduced  by  the  organism 
of  the  sick,  but  exteriorly  to,  and  independently  of,  the  human  body.  In  other  words,  that  as  the 
germs  of  contagious  diseases  are  reproduced  in  the  body,  the  germs  productive  of  malarious  and  other 
non  contagious  diseases  are  elaborated  and  re-elaborated  out  of  the  body,  and  independently  of  its 
agency.  One  is  the  product  of  person,  the  other  of  place.  This  notion  is  sustained  by  the  fact  that 
organic  azotized  substances  are  the  only  things  detected  in  marsh  air  or  dew  which  can  possibly  affect 
the  health  injuriously." 

Dr  Mitchell's  suggestion  is  much  more  carefully  and  thoroughly  worked  out  than  was  that  of  Dr. 
Salisbury,  who  in  a  paper  contributed  to  the  American  Journal  of  Medical  Science  for  January,  1866. 
laid  claim  to  the  discovery  of  the  cause  of  malarial  fever  in  the  spores  of  a  very  low  order  of  plant. 
He  stated  that  he  had  found  these  spores  in  the  secretions  of  fever  patients  and  of  no  others,  and 
that  he  had  collected  them  on  glass  plates  suspended  over  marshes  and  other  malarious  lands.  Start- 
ing from  this  point,  he  proceeded  (with  circumstantial  statements  that  seem  to  the  unprofessional  mind 
to  be  sufficient)  to  show  that  the  plant  producing  these  spores  is  always  found  in  the  form  of  a 
whitish,  green,  or  brick-colored  incrustation  on  the  surface  of  fever-producing  lands;  that  the  spores, 
when  detached  from  the  parent  plant,  are  carried  in  suspension  only  in  the  moist  exhalations  of  zvet 
lands,  never  rising  higher  (usually  from  35  to  60  feet)  nor  being  carried  farther  than  the  humid  air 
itself ;  that  they  most  accumulate  in  the  upper  strata  of  the  fogs,  producing  more  disease  on  lands 
slightly  elevated  above  the  level  of  the  marsh  than  at  its  very  edge  ;  that  fever-and-ague  is  never  to 
be  found  where  this  plant  does  not  grow ;  that  it  may  be  at  once  introduced  into  the  healthiest 
locality  by  transporting  moist  earth  on  which  the  incrustation  is  forming ;  that  the  plant,  being  intro- 
duced into  the  human  system  through  the  lungs,  continues  to  grow  there  and  causes  disease;  and 
that  qiiinia  arrests  its  growth  (as  it  checks  the  multiplication  of  yeast-plants  in  fermentation),  and 
thus  suspends  the  action  of  the  disease.  Dr.  Salisbury's  theory  was  never  adopted  by  the  medical  pro- 
fession, and  has  now  little  more  than  a  curious  interest. 

Leon  Colin's  treatise  on  "  Intermittent  Fevers  "*  is  an  important  recent  contribution  to  this  dis- 
cussion. 

*  Train   des  fih'res    Intermilti-nles.    Paris.    1870. 
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He  "  prefers  the  term  ititoxication  tclluriquc  to  the  common  one,  inloxicaiion  pallustrc,  which 
recalls   only  one  of  the  conditions  of  the   toxic  actions  of   the   soil."     He  goes  on   to   say: 

"  It  is  in  more  logical  accordance  with  the  immense  development  over  the  surface  of  the  globe  of 
these  affections,   whose   appearance  is  subordinate : 

"  I.  Neither  to  the  existence  of  marshy  sites,  especially  in  the  tropical  zone,  where  the  soil  is  rich 
enough  and  is  sufficiently  heated  by  the  sun  to  sufifice  for  the  production  of  the  most  energetic  fever- 
producing  miasm  ; 

"  2.  Nor  to  local  geological  conditions,  for  these  fevers  may  appear  on  land  of  very  diverse  forma- 
tion ; 

"3.  Nor,  finally,  to  the  geographical  distribution  of  certain  plants,  because  there  may  be  the 
greatest   differences    between    the    vegetable    species  of    regions  that  are    equally    affected." 

He  thus    states    his    opinion   on    telluric  intoxication  : 

"  This  intoxication  being  the  morbid  result  of  the  productive  power  of  the  soil  when  this  power 
is  not  properly  directed,  we  must  come  at  last,  therefore,  to  the  cultivation  of  a  suitable  vegetation  in 
seeking  the  sanitary   improvement   of  affected   regions." 

The  summary  of  the  subject  at  the  head   of  his   first  chapter  is  as  follows : 

"  Fever  is  not  due  to  the  sole  influence  of  marshes.  It  is  not  due  to  a  special  vegetation.  In  the 
greatest  number  of  cases,  and  especially  in  warm  climates,  it  is  produced  by  the  exhalations  of  the 
soil." 

He  says  that  where  marshes  are  wanting  an  attempt  has  been  made  to  supply  the  deficiency  by 
the  hypothesis  of  a  sheet  of  underground  water  constituting,  by  its  oscillations,  under  the  influence 
of  rain  and  of  the  waters  that  supply  it,  a  marsh  comparable  to  the  pallustral  type,  and  like  this  emitting 
its  effluvium  at  the  surface  of  the    soil  by  reason   of  the  porosity  of  the  la}'er  that  covers  it.     He  says: 

"  We  are  far  from  denying  the  influence  of  this  underground  water,  an  influence  so  well  established 
during  the  last  century  by  Lind,  who  in  Holland  estimated  the  various  degrees  of  salubrity  of  the  soil 
according  to  the  depth  to  which  it  was  necessary  to  dig  for  wells,  but  what  we  do  absolutely  deny 
is  that  these  layers  of  water  have  an  action  comparable  to  those  of  marshes  at  the  surface  of  the 
ground;  that  the}-,  in  a  word,  constitute  a  pallustral  medium.  .  .  .  The  febriferous  miasm  need  not  be 
sought  so  far  away,  as  this  seems  irrefutably  to  prove:  In  those  countries  where  the  absence  of  marsh 
has  caused  a  recurrence  to  the  hypothesis  of  the  existence  of  'subterranean  marshes,'  it  is  noticed 
during  the  season  of  fevers  that  the  least  rain  suddenly  increases  the  number  and  gravity  of  the 
fevers;  the  more  dangerous  of  tiiese  rains  are  the  lighter  ones,  those  which  instead  of  reaching  the 
latent  sheet  of  water  in  the  ground  are  only  absorbed  by  the  surface  soil.  It  is,  therefore,  especially  this 
surface  soil  which  is  dangerous,  and  the  water  below  has  no  other  injurious  influence  than  perhaps  to 
furnish  it  with  the  conditions  of  humidit}-  necessary  to  noxiousness  and  comparable  to  what  results 
from  rain.'" 

"  Furthermore,  it  is  only  at  the  surface  of  the  soil  that  fever  is  produced  ;  whether  in  the  tropics 
or  in  our  own  climate,  there  is  no  special  danger  in  an  exposure  co  exhalations  from  the  deeper  layers 
of  the  ground,  and  miners  furnish  far  fewer  fever  patients  than  workmen  employed  in  clearing  and  in 
cultivation." 

This  may  be  true  as  relating  to  mines  or  other  deep  excavations.  It  certainly  is  not  true  with 
reference  to  deep  disturbances  of  the  surface  soil  ;  it  is  well  known  that  in  our  own  country  excava- 
tions for  sewers  or  water-pipes  during  malarial  seasons  give  rise,  in  suitable  localities,  to  outbreaks 
of  malaria.  San  Diego  was  made  peculiarly  unhealthy  in  the  summer  of  18S8  hy  the  large 
amount    of    street-grading  then  carried    on,  with  the  removal   of  considerable  volumes    of  earth.     Malaria 

*This   is  probably   all   that    the   adherents   of    the    "Subterranean    Marsh  Theory"   claim   for    this   water,  and  it  seems   to   be 
enough. 
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has  not  been  in  modern  times  a  marked  feature  of  Paris  and  its  immediate  vicinity,  but  heavy  earth- 
works carried  on  in  the  establishment  of  a  new  line  of  fortifications  about  the  city  gave  rise  to 
widely  prevalent  malarial  diseases  which  disappeared  soon  after  the  completion  of  the  work.  Similar 
instances  elsewhere  in  the  temperate  zone  have  been  frequently  observed.  Of  course,  all  of  this  work 
involved  the  disturbance  of  the  surface  soil.  Indeed,  Colin  himself  says:  "We  recall  the  serious 
epidemics  of  intermittent  fever  which  were  developed  in  France  during  the  earth-work  incident  to  the 
construction  of  railroads — work  that  was  executed  in  great  part  in  dry  countries,  but  where  the 
first  result  was  to  bring  into  contact  with  atmospheric  air  masses  of  soil  which  had  for  a  long  time 
produced  no  grov/th."  But  such  disturbance  of  the  surface  in  the  constantly  repeated  work  of 
ploughing  and    digging    for  cultivation  has    not    produced    the  same  result  to  an}'  marked  extent. 

The  following  quotations  from  the  same  treatise  are  of  interest  in  this  discussion : 

"We  are  far  from  pretending  that  febriferous  miasm  may  not  originate  in  the  putrid  decomposition 
of  vegetable  matters,  as  we  admit,  further  on,  that  the  soils  richest  in  organic  detritus  will  generally 
be  the  most  dangerous  to  disturb.  But  we  think  that  the  influence  of  putrefaction  has  been 
exaggerated ;  the  rotting  of  fla.x  is  dangerous,  more  dangerous  than  Parent  Du  Chatelet  thought,  but 
still  much   less    than    was  probably  believed  before  the  experiments  of  this  savant." 

"  In  my  opinion,  the  fever  is  caused  above  all  by  the  vegetative  power  of  the  soil  when  this  power 
is  not  developed,  when  it  is  not  exhausted  by  a  crop  sufficiently  abundant  to  absorb  it.  Indeed,  in 
marshes  themselves  vegetation  seems  to  be  the  most  effective  condition  for  rendering  them  innoxious ; 
so  that  ponds  surrounded  with  a  luxuriant  vegetation,  or  of  which  the  surface  is  covered  with  aquatic 
plants,  are  infinitely  less  dangerous  than  marshy  surfaces  whicli  have  no  active  vegetation.  . 
When  are  marshes  in  their  most  dangerous  condition  ?  It  is  when  by  drying  we  expose  to  the  air 
more  or  less  of  the  submerged  surface ;  when,  consequently,  we  e.xpose  a  soil  of  enormous  vegetative 
power,  and  which,  formerly  covered  with  water,  has  accumulated  perhaps  for  centuries  the  elements 
of  this  power.  The  fevers  which  are  then  produced  are  not  due  to  the  emanations  furnished  by 
the  putrefactions  of  organic  matters  contained  in  the  exposed  earth,  for  these  fevers  continue  to 
be  developed  after  the  marshy  layer  has  become  solidified  as  more  or  less  dry  ground,  all  putrid 
decomposition  being  arrested." 

"In  Algiers  fever  was  developed  in  regions  which  seemed  to  offer  conditions  absolutely  the 
opposite  of  the  conditions  of  the  swamp,  in  localities  apparently  the  dryest  and  the  most  sterile, 
having  neither  the  humidity  nor  the  vegetation  nor  the  decomposition  of  a  marsh.  But,  on  the 
other  hand,  these  lands  which  appear  so  sterile  have  an  enormous  productive  power.  In  the  vast 
and  sandy  plains  of  Sahel,  there  is  needed  only  a  thread  of  water  and  a  simple  scratching  of  the 
earth  to  produce,  as  by  enchantment,  a  luxuriant  vegetation.  It  seems  as  though  there  was  in 
reserve  in  this  ground  that  which,  developed  by  the  least  cultivation,  is  as  propitious  to  the  growth 
of  crops  as  it  is  fatal  to  man  if  he  subjects  himself  to  its  influence  before  its  fertility  has  begun  to 
become  exhausted. 

Similar  observations  are  made  in  California  and  in  our  dry  Western  plains,  many  portions  of  which 
are  malarious  under  all  conditions,  with  a  sudden  and  great  aggravation  on  the  introduction  of  irriga- 
tion. 

"  The  richer  the  soil  in  humus  and  the  more  it  resembles  a  marsh  the  less  is  extreme  heat  necessary  ; 
on  the  other  hand,  the  less  the  vegetative  power  of  the  soil  the  more  heat  is  necessary  for  its  toxic  action  ; 
this  explains  the  difference  of  conditions  necessary  for  the  production  of  fever  according  to  season  and 
to  climate.  The  results  secured  in  a  few  years  in  different  marshes  in  Sologne,  in  the  Duchy  of  Baden 
near  Mannheim,  in  the  en\'irons  of  Bone  and  Boufarik  in  Algiers,  and  in  all  the  northwest  parts  of  the 
Unilctl  States,  where  fevers  liavi-  singuLirl)'  iliniinished,  demonstrate  with  what  rapidit)-  such  tran- 
sitions can  be  accomplislied.  Whatever  may  be  the  danger  of  these  works  of  improvement,  they 
ought,  once  begun,  to  be  energetically  and  actively  followed  up  ;  to  diminish  their  duration  is  to 
diminish    the  number    of    the    victims    who    in   this  battle    of    mar    with   the   soil,  as   in  all  wars,  are  the 
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more  numerous  according  as  the  war  is  prolonged.  '  Tiie  works  of  drainage  and  cultivation  at  Staoueli 
(Algiers),  carried  on  with  rapiditj'  from  the  start,  caused  the  death  of  eight  Trappist  monks  out  of 
twenty-eight,  and  forty-seven  soldiers  out  of  one  hundred  and  fifty  detailed  to  them.  In  1848  the  sur- 
roundings of  the  convent  have  a  new  aspect.  The  soil  is  drained  and  is  covered  with  fine  crops,  and, 
wilh  from  one  hundred  and  fiftj-  to  two  hundred  inhabitants,  only  two  succumbed  in  eighteen  months. 
To  accelerate  the  work  of  drainage  and  cultivation  is  to  concentrate  the  mortalit)'  within  a  short  period 
and  to  hasten  the  definite  establishing  of  salubritj'.'  " 

A  peculiarly  pernicious  effect  has  always  been  ascribed  to  the  invasion  of  marshes  and  low  lands 
by  the  combined  flow  of  salt  and  of  fresh  water.  Probably  this  influence  is  felt  in  many  of  our  own 
seaport  localities.     Colin  recognizes  this  as  an  important  feature  of  his  subject,  saying: 

"  But  when  instead  of  having  to  attack  a  malarial  site  of  restricted  size,  whether  a  salting-pond  or 
not,  it  is  a  question  of  undertaking  the  improvement  of  vast  deposits  contiguous  to  the  shore  and  at 
the  very  level  of  the  sea,  presenting  over  an  immense  area  the  especially  insalubrious  condition  of  the 
mixture  of  fresh  and  salt  water,  traversed  by  streams  of  such  slight  cuirent  that  their  deposit  adds  to 
the  bar  that  separates  these  marshes  from  the  open  sea,  then  the  means  to  be  used  will  be  of  various 
sorts  and  the  work  of  transformation  will  be  long  and  difficult.  We  know  with  what  admirable 
tenacity  the  people  of  Holland  have  worked  for  the  drainage  of  their  land,  calling  to  their  aid  the 
most  powerful  hydraulic  apparatus  and  employing  steam-power  without  interruption  for  years.  But  in 
countries  where  the  public  wealth  is  not  so  well  suited  to  the  application  of  such  efforts,  where  the 
population  is  less  dense  and  less  active,  where,  also,  the  climatic  conditions  are  less  favorable  to  the 
workman  because  of  a  high  temperature,  the  improvement  of  marshes  of  great  extent  becomes  a  task 
much  more  dif^cult  and  at  times   impossible." 

This  is  illustrated  by  the  Pontine  marshes  and  others.  He  quotes  from  Melier  the  striking  illustration 
of  Viareggio : 

"  By  reason  of  the  establishment  of  a  barrier  between  the  fresh  water  and  the  water  of  the  sea, 
the  village  of  Viareggio,  hitherto  abandoned  and  consisting  only  of  a  few  fishermen's  huts  grouped  at 
the  foot  of  an  old  tower,  where  those  condemned  to  the  galleys  were  confined,  has  become  an  im- 
portant town,  and  so  sought  after  that  the  first  families  of  Lucca  have  used  it  as  their  summer  resort, 
and  have  built  castles  and  villas  there.  This  fact  of  sanitar\'  regeneration,  due  only  to  the  exclusion 
of  salt  water,  is  all  the  more  curious  and  decisive  because  it  has  already  had  its  counter-proof.  In  1768 
and  1769  malaria  suddenly  reappeared  with  the  force  of  its  worst  days.  In  the  course  of  these  two 
years  there  were  170  deaths  in  the  total  population  of  1,350 — that  is  to  say,  about  i  in  15.  What  had 
happened?  Only  one  thing:  the  barrier  had  got  out  of  order  and  the  mingling  of  the  two  \\'aters 
had  begun  again.  The  barrier  was  repaired  and  the  malaria  disappeared.  In  the  following  year  there 
were  only  32  deaths,   or  only    i    in  40." 

Speaking  of  the  dif^culty  attending  the  first  cultivation  of    rich  malarious  lands,   he  says: 

"Fortunately,  modern  agriculture  now  applies  on  the  largest  scale  a  process  which  singularly 
lessens  these  dangers,  and  which  has  the  result  not  only  of  increasing  the  fertilit)'  of  the  land  but 
further  of  aerating  the  soil  in  the  most  complete  manner;  this  process  is  drainage,  which  in  the 
highest  degree  has  the  property  of  purifying  the  land  to  which  it  is  applied.  The  aeration  of  the  soil, 
says  Barral,  is  certainl)-  the  chief  end  of  the  work  of  cultivation.  The  augmenting  of  this  aeration  is 
an  effective  means  of  increasing  the  fertility  of  the  soil.  ...  It  ma}-  be  said  that  there  is  aeration 
every  time  that  rain  falls  and  drives  out  the  stagnant  air  of  the  soil  and  a  new  aeration  each  time 
that  this  water,  drained  awa)-  little  by  little,  leaves  voids  to  be  occupied  by  air,  which  will  be  driven 
out  again  by  the  next  rain. 

"  '  Tardieu  says  that  drainage  is  of  the  first  importance  to  the  public  health.  It  is  now  no 
longer  permitted  to  doubt  its  effective  action  in  improving  the  sanitary  condition  of  the  atmosphere, 
and  many  countries  recognize  the  benefit.      It  has  been  said  in   England  that  drainage  has,  so  to  speak. 
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changed  the    climate    of   tliat    country;    that   in    the    marshy    districts   of    Lincolnshire    fogs    have  dimin- 
ished nine-tenths  in  intensit}',  and  that  the  health  of  the  people  has  been  greatly  benefited.     .     .     . 

"'The  modification  that  the  soil  undergoes  is  not  a  simple  washing  and  drj-ing;  it  is  slowly 
produced,  and  its  maximum  effect  does  not  become  active  for  two  or  three  years.  The  most 
tenacious  lumps  of  earth  crack  and  crumble  under  the  alternative  presence  of  air  and  water.  Water 
drains  away  little  by  little  and  air  takes  its  place.  Furthermore,  this  air  with  its  oxygen  also 
enters  the  soil  from  below,  reaching  it  through  the  drains  and  escaping  at  their  joints.  This  action  is 
most  important  and  is  generally  not  understood  by  agriculturists.  It  is  one  of  the  principal  agents 
of  fertility.  As  Barral  has  proved,  the  oxygen  of  the  air  penetrating  the  humus  of  the  soil  in 
all  directions  comes  into  contact  with  all  of  the  organic  matters  of  the  surface  layer,  unites  with 
their  carbon,  and  forms  an  enormous  quantity  of  carbonic  acid.  This  is  effective  in  breaking  up 
the  adhesion  of  particles  of  clay  which  have  been  puddled  together ;  it  serves  at  the  same  time  to 
dissolve  the  phosphates,  carbonates,  oxides,  sulphates,  etc.,  and  place  them  in  a  condition  favorable 
for  the  absorption  by  the  roots  of  plants.'  We  understand  from  this  the  reason  of  the  enormous 
influence  that  the  application  of  drainage  to  broad  areas  has  exerted  on  public  health.  It  explains 
the  marvellous  results  which  we  have  just  cited,  results  obtained  in  England,  and  especially  in  Scot- 
land, and  which  have  led  Graves  to  this  conclusion  :  '  the  extinction  of  intermittent  fever  is  the  most 
striking   and   the    most    eloquent    of   all  the    modifications    caused    by   drainage.' " 

A  careful  study  of  the  subject  of  malaria  has  recently  been  made  by  Dr.  Nicholas,*  the  health 
officer  of   the   Panama  Canal    Company. 

He  says  the  atmosphere  over  marshes  is  more  plentifully  charged  with  bacteria  and  with  filamen- 
tous algae  than   is   that  over  healthy    land.     He    quotes   from   Maurel,  who   says : 

"The  explanation  is  to  be  found  almost  solely  in  the  configuration  of  the  marsh  and  the  change 
of  its  level  at  intervals  sufficiently  long  for  the  ground  uncovered  by  the  water  to  become  completely 
dry,  and  for  ground  which  is  damp  underneath  to  become  dry  at  the  surface,  these  zones  occupying  a 
surface  of  considerable  extent.  The  minute  organisms  of  the  marsh  cannot  escape  into  the  atmosphere 
so  long  as  the  ground  remains  covered  by  a  sheet  of  water.  This  sheet  of  water  is  a  preservative 
screen.  All  who  have  studied  the  progress  of  paludism  understand  this.  It  is  the  same  with  those 
parts  that  are  mainly  humid  ;  the  minute  organisms  find  in  this  humidity  a  cause  of  adhesion  sufficient 
to  resist  atmospheric  movement  and  remain  attached  to  their  natural  medium.  But  let  them  dry,  let 
the  chroococacces  which  had  formed  a  uniform  coating  become  separated  by  heat,  let  these  amides, 
momentarily  transformed  into  minute  pellicles,  lose  all  adhesion  with  the  bodies  about  them,  and  all 
of  these  minute  growths  will  be  lifted  by  the  least  movement  of  the  atmosphere,  which  may  thus 
maintain  them  in  suspension  To  appreciate  the  quantity  that  may  enter  the  respiratory  passages,  it 
will  suffice  to  recall  the  fact  that  my  experiments  never  covered  more  than  lOO  litres  of  air,  and  that, 
notwithstanding,  each  drop  of  liquid  contained  some  of  these  organisms  and  if  some  among  these  had 
perished,  others,  on  the  contrary,  had  not  suffered  enough  from  desiccation  to  prevent  them  from 
resuming  tlieir  activity  and  continuing  (in  the  body)  a  life  all  the  more  active  because  they  there 
found  at  least  two  conditions  most  favorable  to  their  existence :  warmth  and  humidity.  Of  all  of 
the  parts  of  a  marsh,  only  one  interests  us;  it  is  that  which,  recently  uncovered,  still  retains  at  its  surface 
organisms  dry  enough  to  be  taken  up  by  the  atmosphere,  but  at  the  same  time  not  dry  enough  to 
have  lost  their  life.  It  is  this  zone  that  I  have  designated  for  a  long  time  under  the  name  of  the 
dangerous  zone.  ...  It  is  true  that  in  the  analysis  of  a  salubrious  air  these  microbes  may  have  been 
seen  to  develop,  after  a  certain  time,  in  the  water  by  which  the  air  has  been  washed  or  in  water  of 
condensation.  This  has  always  required  a  considerable  time,  while  in  the  atmosphere  of  marshes  I 
have  met   them   in    a    full    state   of    development." 

Dr.    Nicholas    thinks    that 

"These    considerations    relative     to     the    'dangerous    zone'   of    swamps    explain     why    the     presence    of 
visible  water  is  not   indispensable  to  the  production   of  fc\'ers,  which   may  break  out  in  a  country,  maiii- 

*  "  Chantiers   de    Tcryassemetils   en  pays    Raliidcais,"   par    L.  Dr.   Ad.  Nicholas.      Paris.      1889. 
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tain  themselves,  disappear,  and  reappear,  when,  whatever  may  be  the  nature  of  the  ground,  earthworks 
expose  to  the  air  the  products  of  incomplete  decomposition  which  have  accumulated  in  the  earth  and 
are   disengaged  by  the  excavation  (Chcvreul).     This  is  the  condition  of  the   Roman  Campagna." 

Nicholas  adduces  the  opinion  of  Leon  Colin  that  the  ground  here  considered  is  not  properl}-  a 
marsh,  and  that  the  influence  producing  a  miasm  is  rather  telluric  than  paludal;  that  it  is  not  the 
effect   of  the   putrefaction  of  organic  matters,   but  of  an  influence  due  to  the  soil  itself. 

He  thinks,  however,  that  the  disturbing  of  the  earth  in  the  construction  of  the  Panama  Canal  was 
not  of  itself  the  greatest  source  of  malaria.  Outbreaks  of  fever  were  not  so  much  in  proportion  to  the 
excavations  as  to  the  changing  of    the  hygrometric  conditions  of  the  ground. 

"  For  at  the  Isthmus,  as  elsewhere — daily  observation  demonstrated  this  in  all  the  camps — the  par- 
ticular source  of  tropical  insalubrity  is  a  marsh.  Excavation  and  filling  are  inoffensive  when  they  do 
not  cause  the  standing  and  stagnation  of  water,  whether  of  rain,  of  springs,  or  of  a  river  On  the  con- 
tiary,  a  marsh  is  quickly  constituted  in  a  country  where  the  vigor  of  vegetation,  in  the  course  of  a 
single  season,  covers  under  a  mantle  of  growing  forest  all  trace  of  the  most  recent  work,  and  every- 
where where  this  occurs  the  marsh  infects  the  seat  of  the  work,  and  the  encampment  as  well.  Arid 
though  they  are,  the  virgin  lands  of  hot  countries  need  only  a  stroke  of  the  spade  to  develop  pernicious 
water;  but  they  are  all  made  salubrious  by  drainage  ;  and,  in  order  that  malaria  may  be  produced  there, 
it  is  always  necessary  that  the  water  should  have  entered  the  ground  [fccondc  Ic  steppe],  whether  on  the 
banks  of  the  Tarim,  at  an  elevation  of  from  i,ooo  to  2,000  metres,  in  the  desert  of  Gobi,  or  in  the  fertile 
valley  of  the  Euphrates,  or  on  the  banks  of  the  fluctuating  White  and  Blue  Niles  ;  it  often  suffices  that 
the  course  of  a  torrent,  of  a  river,  or  of  a  small  brook  should  be  arrested  where  the  banks  are  low  in  order 
that  malarial  mortality  should  be  aggravated  as  a  consequence  of  inundation  ;  and  it  is  thus  that  we  have 
seen  an  increase  in  malarial  death  on  the  course  of  the  Missouri,  and  of  its  affluents,  the  Kansas  and 
Yellowstone.  It  is  not  without  interest,  at  least  when  we  are  considering  the  effect  of  excavations,  to 
know  that  the  number  of  germs,  of  whatever  sort,  decrease  in  virgin  soils  with  the  depth  of  the  cutting. 
Microbists  are  unanimous  in  this  opinion.  According  to  Frankel,  the  number  of  microbes  at  a  depth 
of  I  25  metres  is  six  times  less  than  at  the  surface.  According  to  Maggiora,  the  number  is  much  less 
in  desert  and  forest  soils  than  in  cultivated  lands — that  is  to  say,  as  Duclaux  has  remarked,  the  number 
will  vary,  in  a  soil  that  is  neither  inundated  nor  too  dry,  with  the  quantity  and  quality  of  organic 
matters.  It  will  be  readily  appreciated  that  Maggiora  has  found  the  number  to  be  inversely  to  the 
geologic  age  of  the  ground,  to  altitude,  to  compactness,  and  to  impermeabilit}',  and  that  it  increases 
with  the  richness  of  manuring  and  the  thoroughness  of  cultivation. 

"  In  closing,  I  will  confine  myself  to  reminding  coniographers,  and  especially  sanitarians,  that 
neither  humus  nor  water,  nor  their  association  in  a  marshy  soil,  is  absolutely  necessary  to  the  evolution 
of  malarial  germs  in  localities  subject  to  paludal  fevers.  It  suffices  that  these  germs  find  in  fog  the 
humid  medium  that  is  necessary  to  them  ;  and  the  fog  does  not  require  for  its  formation  the  presence  of  a 
marsh  in  the  locality.  It  results  from  a  difference  of  temperature  between  two  contiguous  layers  of 
air,  whatever  may  be  the  cause  of  the  cooling  of  one  or  of  the  warming  of  the  other,  subject  to  the 
condition  that  the  air  contains  watery  vapor.  Aerian  germs  will  grow  in  this  medium,  as  well  as  in 
the  'dangerous  zone'  of  marshes,  which,  until  further  knowledge  is  obtained,  will  remain  none  the 
less,  in  my  opinion,  the  origin  of  impaludism  in  the  immense  majority  of  cases.  In  insisting  on  the 
aerial  marsh  in  Panama,  I  did  not  recall  the  rS/e  attributed  to  fogs  in  the  Roman  Campagna  by  Baron 
Michel  and  by  Leon  Colin,  who  regard  the  subject  from  different  points  of  view,  although  these 
works  were  already  old,  and  although  the  influence  of  fogs  has  always  been  admitted ;  in  Algiers 
from  the  first  years  of  the  occupation,  as  well  as  in  Madagascar  in  the  most  recent  experience,  I  was 
acting  only  on  my  own  observation  and  on  the  testimony  of  the  officers  of  the  canal  service ;  but  I  am 
happy  to  find  support  in  the  opinions  of  learned  confreres,  although  they  are  differenth'  founded  from 
my  own.  It  is  not,  let  us  believe,  by  'condensing  the  miasmatic  vapor  in  the  lower  strata  of  the 
atmosphere'  that  the  nocturnal  cooling  increases  the  intensity  of  miasm,  but  in  creating  the  aerial 
marsh    [fog]    in    which    germs    may    undergo    their    development.       It    is    not    necessary    that    the    germs 
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sliould  emanate  from  tlie  soil  itself,  that  they  should  come  in  the  state  of  maturity  from  more  or  less 
marshy  neighboring  regions ;  but  such  a  soil  may  be  more  favorable  to  them  because,  being  moist, 
fertile,  or  mountainous,  it  furnishes  more  humidit)'  to  the  air,  or  betause,  being  naked,  flat,  or  dry,  its 
radiation  is  greater,  and  by  giving  more  heat  to  the  lower  strata  of  the  atmosphere  it  increases  the 
thermal  variations  between  day  and   night. 

"  This  interpretation  does  not  simplify  the  question  of  malarial  hygiene,  and  I  can  conceive  that 
sanitarians  may  have  regarded  the  conclusions  in  a  certain  sense  desperate.  It  is  not,  however,  unim- 
portant to  face  the  evil  where  it  really  exists;  I  have  never  favored  a  system  of  morals  or  of  thera- 
peutics which  did  not  begin  by  seeking  out  the  sore  spots  to  give  them  better  care  ;  and  if  in  a  given 
locality  impaludism  has  its  centre  of  action  in  fog,  aside  from  the  necessity  for  giving  protection 
against  the  fog,  it  is  not  always  impossible  to  modify  the  conditions  of  the  soil  which  favor  its 
formation. 

"  Where  the  restricted  area  of  a  marshy  country  has  permitted  us  to  attack  it  rapidly  and  to  con- 
quer it  by  a  single  effort  success  has  almost  always  been  achieved,  either  {ti)  by  the  direct  drainage 
of  the  ground  by  open  canals  or  by  underground  conduits,  like  the  system  of  drainage  which  has  made 
healthy  the  environs  of  London  and  the  principal  districts  of  England ;  or  (/;)  on  the  contrary,  by 
flooding,  which  transforms  the  marshy  surface  exposed  to  the  heat  of  summer  into  inoffensive  drowned 
marshes,  the  means  anciently  employed  by  Empedocles,  who  rescued  the  Salentians  from  a  cruel  epi- 
demic by  discharging  the  water  of  a  river  over  the  marsh  that  surrounded  their  city.  In  the  same 
manner  Lancisi  arrested  the  development  of  an  epidemic  caused  by  the  exhalations  of  the  moat  of 
the  fort  of  San  Angelo,  and  that  frequently  Hollanders  have  in  like  manner  stopped  the  attacks  of 
intermittent  fever;*  or  [c]  by  filling  the  depressions  of  the  marshy  soil  with  solid  materials,  bringing 
it  to  a  uniform  level  and  suppressing  the  pond-holes  resulting  from  inequalities  of  grade.  It  is  only 
necessary  to  mention  the  good  results  that  follow  the  regulation  and  diking  of  canals  and  rivers,  mea- 
sures whose  neglect  may  occasion  serious  epidemics.  The  same  may  be  said  of  accidental  seats  of 
malaria,  which  are  frequently  developed  along  the  line  of  railways  by  the  neglect  of  accumulations  of 
water  forming  in   borrow-pits  established   during  construction." 

Loomis  says :  "  Drainage  is  another  means  which  diminishes  and,  in  certain  conformations  of  soil, 
entirely  destro}'s  malarial  generation.  In  the  majority  of  marshes,  this  generation  can  be  arrested  or 
prevented  by   free   drainage." 

A  case  of  the  creation  of  malarious  conditions  by  an  obstruction  of  natural  drainage  was  fully  set 
forth  in  1882  in  a  trial  held  before  the  Superior  Court  at  Pittsfield,  Mass.,  between  the  town  of  Lenox 
and  the  Smith  Paper  Company,  of  the  adjoining  town  of  Lee.  The  paper  company  had  raised  its  dam 
and  flooded  a  large  tract  of  river  bottom  that  had  previously  been  dry.  In  dry  seasons,  when  the  flow 
of  the  river  was  insufficient  for  its  uses,  the  company  used  the  water  thus  stored,  thereby  exposing 
large  tracts  of  the  flooded  land  to  the  action  of  the  sun  and  air.  The  flooding  had  the -further  effect 
of  preventing  the  adequate  drainage  of  lands  lying  adjacent  to  the  extended  water  surface,  and  con- 
verted these  into  swamps.  This  was  accompanied  by  a  serious  outbreak  of  malarial  fever,  previously 
unknown  in  that  district,  which  led  to  the  trial.  The  unfortunate  error  was  made  of  bringing  a  crimi- 
nal suit  against  the  company  for  maintaining  a  nuisance,  requiring  for  its  success  the  unanimous  ver- 
dict of  a  jury  of  twelve  men,  each  of  whom  must  be  convinced,  "  beyond  a  reasonable  doubt,"  that  the 
cases  of  illness  described  had  been  caused  by  a  condition  clearly  resulting  from  the  raising  of  the  dam. 
Dr.   Adams's   paper  f   concerning  this  case,   after  summing   up    the  testimony  on  both  sides,   continues: 

"The  closing  argument  for  the  defence  was  made  by  Judge  Soule.  He  called  attention  to  the 
difference  of  opinion  among  the  medical  and  sanitary  experts  as  to  the  causes  of  malaria,  which 
rendered    it    impossible,    he   contended,    to    fix  the  responsibility   for  the   sickness    at    New    Lenox     upon 

*  It  was  thiis^when  in  174S,  during  the  war  of  the  succession  of  Austria,  the  Hollanders  inundated  tlicir  kingdom  for  defence. 
At  the  beginning  of  the  summer,  wliicli  was  excessively  hot,  preliminaiies  of  peace  were  signed  and  tlie  waters  were  drained  off; 
thereupon  a  serious  epidemic  was  developed,  and  the  States-General  ordered  a  new  inundation  until  the  beginning  of 
winter. 

f  Boston    Medical   and   Sur^'ical  Journal,    December    28,    1S82. 
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the  defendant's  dam.  He  quoted  from  fhe  testimony  of  nearly  all  the  experts  that  the  malarial  poison 
is  introduced  from  without,  and  is  prevalent  in  epidemic  form  over  a  large  region  of  country.  He  showed 
that  only  about  half  the  witnesses  had  noticed  any  bad  smells  in  the  vicinity  of  the  reservoir, 
whence  he  argued  that  the  fact  of  smells  had  been  exaggerated.  Finall)-,  he  referred  to  tlie  importance 
of  the  interests  involved,  and  said  that  the  result  of  removing  the  defendant's  dam  would  be  to  stop 
the   busy  wheels  of  Lowell  and   Lawrence. 

"The  district  attorney,  in  closing  for  the  commonwealth,  quoted  from  the  testimonj-  of  witnesses 
to  show  that  before  the  dam  was  raised  the  amount  of  boggy  land  was  very  small,  and  produced  grass; 
that  the  'pockets'  were  dry,  the  water  clean,  and  the  locality  a  very  healthy  one.  The  raising  of 
the  water-level,  caused  by  raising  the  dam,  made  the  valley  swampy,  caused  water  to  stagnate  in  the 
pockets,  and  converted  a  healthy  valley  into  a  foul  marsh,  where  malaria  found  its  natural  breeding- 
place.  The  sufferings,  loss,  and  general  deterioration  of  the  community  resulting  from  constantly  recur- 
ring attacks  of  fever-and-ague  were  well  depicted.  The  remarkable  changes  of  opinion  on  the  part 
of  certain  experts  for  the  defence  were  not  overlooked.  He  also  showed  that  all  examinations  of  the 
reservoir  and  measurements  of  the  depth  and  fluctuations  of  the  water,  testified  to  on  behalf  of  the 
defendants,  were  made  during  the  present  year  (1882),  when  the  supply  of  water  has  been  abundant, 
and  the  bottom  has  been  hidden  from  sight.  He  contrasted  this  condition  with  that  in  1880,  when, 
in  consequence  of  drought,  a  great  expanse  of  marshy  bottom  was  for  months  exposed  to  the  sun  and 
air,  and  the  deeper  portions  kept  alternately  wet  and  drying,  which  condition  is  liable  at  any  time 
to   recur. 

"Judge  Brigham  in  his  charge  to  the  jury  explained  those  legal  and  technical  points  which  were 
calculated  to  confuse  and  perplex,  and  placed  the  essential  points  in  the  case  in  their  clearest  light. 
He  did  not  especially  favor  either  side  of  the  case,  but  left  it  for  the  jury  to  decide  from  the  evidence 
whether  or  not  the  defendant's  dam  had  been  proved  a  public  nuisance  and  a  cause  of  the  prevalence 
of  intermittent   fever  in  its  vicinity. 

"The  jury,  after  being  out  twelve  hours,  brought  in  a  verdict  of  Not  Guilty." 

This  was  not  a  verdict  justifying  the  raising  of  the  dam,  nor  against  the  probable  injury  resulting 
from  an  obstruction  of  the  natural  drainage  of  the  land.  It  was  only  a  verdict  that  the  causation  of 
malaria  and  the  method  in  which  the  condition  of  these  lands  had  caused  malaria  in  this  case  had 
not  been  so  established  "  beyond  a  reasonable  doubt  "  as  to  warrant  the  conviction  of  the  Messrs. 
Smith    on    a    criminal    charge. 

Although  there  is  a  general  concurrence  of  opinion  on  these  matters,  there  is  to  this  day  no  such 
positive  and  unquestionable  knowledge  as  would  warrant  such  conviction.  I  was  an  expert  on  the 
side  of  the  commonwealth  in  this  case,  and  I  felt  satisfied  that  not  one  of  the  experts  on  the  side 
of  the  defendant  would  be  willing  to  assert  that  the  conditions  under  consideration  had  not  better 
be  avoided. 

The  suggestion  was  made  some  years  ago  by  Dr.  Bronson,  of  New  Haven,  though  not  in  distinct 
terms,  that  malaria  may  be  transported  from  one  locality  to  another  through  the  medium  of  popula- 
tion. He  refers  to  its  failure  to  reach  certain  localities  suitable  for  its  development  because  there 
were  no  habitations  to  serve  as  stepping-stones  for  its  progress,  the  idea  obviously  being  that,  while 
malarial  germs  may  not  be  transported  for  a  considerable  distance  by  currents  of  air,  they  may  be 
carried  in  the  person  of  one  who  has  contracted  the  disease  in  one  locality  to  ground  elsewhere  favor- 
able to  its  development.  This  idea  is  not  generally  accepted,  nor  can  it  now  be  proven  to  be  true. 
There  is  nothing  in  the  history  of  the  progress  of  the  affection  by  slow  stages  over  long  continuous 
reaches  of  country  to  controvert  it.  So  far  as  malaria  has  followed  the  progress  of  railroad  construc- 
tion, for  example,  it  may  have  been  caused  by  the  successive  development  of  malarious  conditions  as  the 
work  extended.  This,  however,  does  not  satisfactorily  explain  such  a  movement  as  that  along  the  line 
of  the  New  Haven  railroad  from  New  York  and  up  the  Connecticut  River  valley  as  far  as  -Vermont  and 
New  Hampshire,  the  movement  taking  place  long  after  the  completion  of  the  roads.  It  is  not  impos- 
sible that,  if  the  germ  exists  only  in  the  soil,  it  may  be  carried    from  point  to  point  in  the  earth,  adher- 
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iiig    to    the   feet   of  men   and   animals  passing   from   infected   land   to   land  otherwise  favorable   to  its  de- 
velopment,  but   not  hitherto   impregnated. 

All  observations  as  to  the  development  of  malaria,  and  as  to  its  elimination,  while  conforming  more 
or  less  completely  to  the  theories  of  all  the  different  authorities,  tend  only  to  confirm  the  opinion 
that,  so  far  as  nearly  the  whole  area  of  the  United  States  is  concerned,  this  development  is  in  close 
relation  to  undue  soil-moist iirc  and  to  the  undue  prevalence  of  fogs  or  mists  resulting  therefrom  ;  and 
that,  by  drying  the  soil  and  thereby  greatly  reducing  or  entirely  removing  mist  and  fog,  we  invariably 
reduce  the  intensity  of  malaria  or  remove  it  altogether.  There  is  but  one  known  means  for  effecting 
this  change;  that  is,  by  removing  the  excessive  moisture  of  the  soil  both  by  under-drainage  and  by 
such  a  regulation  of  the  surface  as  shall  prevent  the  accumulation  of  standing  \\'ater  in  or  on  the  sur- 
face soil.  That  is  to  sa}',  the  sovereign  remedy  for  malaria  is  drainage— not  necessarily  a  thorough 
drying  of  the   soil  to   a  great   depth,  but    only  such  as  will  bring  it   to  good   agricultural    condition. 

The  limits  of  temperature  often  assumed  to  control  the  development  of  malaria  have  not  been 
fixed  with  certainty,  nor  do  writers  on  the  subject  agree  as  to  whiit  the  necessar)'  degree  of  heat  must 
be.  We  have  ample  evidence  thdt  the  autumn  temperature  even  of  our  more  northern  States  is  suffi- 
cient, if  other  conditions  are  satisfactory  and  if  the  germ  is  present — that  is,  if  the  soil  is  infected;  for 
it  may  safely  be  assumed  that,  like  many  other  prevalent  diseases,  malaria  is  due  to  a  living  germ, 
whether  the  baccdliis  nialarice  or  another.  It  has  been  sufficiently  shown  that  what  was  long  regarded  as 
an  essential  factor — that  is,  the  active  decomposition  of  organic  matter— is  not  indispensable.  Many  soils 
poor  in  organic  remains  are  peculiarly  pernicious  if  sufficiently  moist  and  warm,  \\'hile  many  swampy 
localities,  of  which  tlie  soil  is  made  up  almost  entirely  of  decomposing  vegetation,  do  not  necessarily 
produce  malaria.  If  in  the  condition  of  actual,  saturated  swamps  they  are  much  less  likely  to  produce 
it  than  are  soils  of  which  the  organic  matter  is  less  in  quantity  and  in  a  much  less  active  state  of 
decomposition,  but  which  are  still  far  from  being  saturated.  The  malaria-producing  capacity  of  large 
areas  in  California,  in  which  organic  matter  is  not  a  prominent  element  of  the  soil,  wherever  irrigation 
is  applied,   sufficiently   illustrates   this. 

In  1S78  I  made  a  sanitary  survey  of  the  east  bank  of  the  Hudson  River  between  Dobbs  Ferry 
and  Tarrytown,  where  at  that  time  there  was  a  considerable  prevalence  of  fever  and  ague.  The  fol- 
lowing   is    extracted    from    my    report    in  that    case : 

My  observations  were  made  chiefly  with  reference  to  fever-and-ague  malaria.  It  must  be  stated 
at  the  outset  that  we  are  practically  without  knowledge  as  to  the  causation  of  this  disease.  There  are, 
however,  grounds  for  adopting  a  somewhat  definite  theory  about  it.  It  seems  clear  that  to  a  certain 
extent  the  disease,  which  may  originate  in  specially  unhealthy  places,  propagates  itself  slowly  through 
human  agency.*  It  is  a  well-known  fact  that  it  has  gradually  spread  from  its  earlier  centres,  and 
extended  for  a  long  distance  into  districts  where  it  was  previously  unknown.  Instances  of  this  are  too 
familiar  to  need  recounting.  In  like  manner,  districts  where  the  disease  formerly  prevailed,  and  where 
it  had  originated  spontaneously,  have  been  made  by  drainage  perfectly  healthy.  For  example,  the  fens 
of  Lincolnshire,  in  England,  and  marshy  districts  along  the  lower  Thames,  were  formerly  greatly 
scourged  with  fever  and  ague  and  with  malarial  neuralgia.  The  extensive  drainage  operations  carried 
on  in  these  districts  have  had  the  effect  of  removing  these  ailments  entirely  from  wide  districts  where 
they  had   formerly  prevailed  with  the  greatest  severity. 

The  investigations  thus  far  made  lead  to  the  following  belief  concerning  the  points  which  chiefly 
interest  you  and  your  neighbors:  Assuming  that  fever  and  ague  is  indigenous,  or  that  it  has  becni 
brought  to  a  locality  by  the  movement  of  population,  it  seems  clear  that  it  propagates  itself  only 
under  tlie  influence  of  certain  conditions  of  atmosphere,  which  are  produced  by  undue  soil-moisture,  by 
the  excessive  decomposition  of  vegetable  matter,  and  by  the  stagnation  of  the  air  caused  b}'  dense 
planting,  and  by  the  absence  of  sunlight. 

Assuming,   as   I   believe   one   may  safely  do,   that    fever  and  ague  is  not   indigenous   in   the    Irvington 

*  I  have  now  much  less  confidence  llian  I  Uien  had  in  the  agency  of  the  person  in  the  spread  of  malaria. 
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neigliborhood,  but  has  been  brouglit  to  it,  so  far  as  it  exists  there,  by  the  importation  of  cases  of  the 
disease,  we  have  to  look  for  such  local  conditions  as  would  foster  it  and  lead  to  its  reproduction  and 
localization. 

So  far  as  my  examination  warrants  me  in  forming  an  opinion,  I  should  say  that  there  do  exist, 
more  or  less  throughout  the  whole  district  examined,  sufficient  resting-places  for  the  infection,  associat- 
ed with  conditions  which  would  naturally  lead  to  its  propagation.  I  think  it  ma}-  be  safely  assumed 
that  a  detailed  examination  of  the  ground  would  lead  to  the  discovery  of  these  unfavorable  spots, 
and  that  it  is  possible  to  remove  them.  At  the  same  time,  it  must  be  understood  that  this  opinion 
is  not  based  on  positive  knowledge,  for  such  knowledge  does  not  exist.  All  that  it  is  safe  to  say  is 
that,  judging  from  the  previous  experience  of  the  world,  proper  efforts  would  in  all  probability  re- 
sult successfully.  There  are  two  leading  items  which  have  influence  on  this  question :  Drainage  and 
Ventilation. 

Drainage.  — E.Kcept  along  the  river,  and  about  certain  ponds  some  distance  east  from  Broadway, 
there  are  very  few  especially  wet  areas,  but  there  are  very  man}'  points  where  small  bits  of  ground 
are  too  wet,  and  these  are  quite  frequently  so  shaded  from  the  sun  as  to  be  more  than  suspicious. 
Also,  the  prevailing  passion  for  ponds,  which  often  follow  each  other  in  quick  succession  along  the  lines 
of  the  brooks,  is  not  without  its  bad  influences.  These  ponds  are  often  much  too  high  with  reference  to 
the  surface  of  the  ground  adjoining  them;  they  are  subject  to  become  filled  with  silt  and  leaves; 
they  are  not  always  well  supplied  with  fresh  water,  but  are  frequently  fed  with  water  from  swamps 
about  which  it  would  be  unsafe  to  live  ;  and  the  brooks  supplying  them  receive  a  good  deal  of  organic 
matter  in  the  form  of  leaves,  etc.;  in  addition  to  all  this,  the  filtration  from  these  ponds  is  sometimes 
a  source  of  a  springy  condition  of  the  ground  lying  below  them. 

There  are  still  some  small  areas  and  some  large  ones  wliich,  in  the  interest  of  the  whole  neigh- 
borhood, ought  to  be  thoroughly  drained.  I  judge  that  about  one-half,  or  nearly  that,  of  the  whole 
shore  from  Tarrytown  to  Dobbs  Ferry  is  swampy  for  a  greater  or  less  width,  the  small  ba}'s  cut  off 
by  the  railroad  being  imperfectly  drained,  receiving  much  water  from  the  upland,  being  subject  to  the 
rise  and  fall  of  the  tide,  and  often  having  considerable  stretches  of  their  bottom  entirely  uncovered. 
All  of  these  conditions  are  unfavorable. 

\'i-iitilation. — Perhaps  ventilation  is  not  precisely  the  word  to  express  what  is  here  meant,  except 
in  the  sense  that  what  is  needed  is  an  abundant  supply  of  fresh  air  and  sunlight.  The  decomposition 
of  organic  matter  in  or  upon  a  damp  soil  takes  on  a  very  different  character  according  as  it  is  freely 
exposed  to  the  circulation  of  air  and  to  the  sun's  heat,  or  is  covered  either  b}'  water,  b\'  fallen  leaves, 
by  underbrush,  by  dense  planting,  or  by  anything  which  ma}'  seclude  it  from  the  most  active  o.xidizing 
influences. 

It  is  an  old  but  mistaken  idea  that  it  is  hard  to  grow  a  tree  and  easy  to  cut  one  down.  The 
reverse  of  this  proposition  is  nearer  the  truth.  Wherever  prosperous  humanity  establishes  itself  there 
seems  to  spring  up,  as  if  by  magic,  a  cloud  of  leafage  and  a  dense  growth  of  all  manner  of  arborescent 
vegetation,  while  every  appeal  having  for  its  purpose  the  restraining  of  this  ground-cumbering  growth 
is  met  by  the  most  persistent  opposition.  Not  only  will  trees  and  bushes  and  shrubs  multiply  and  shut 
out  acres  upon  acres  from  th.e  sun's  rays  and  turn  aside  every  breath  of  air,  but  the  trees  and  bushes 
and  shrubs  accumulate  until  they  destroy  each  other's  beauty  to  that  degree  that  plantations  fifty 
years  old  have  generally  lost  their  tlistinctive  and  picturesque  character  and  become  a  mass  of  cramped 
forest  trees  without  lower  branches,  or  shrubberies  in  which  no  individual  plants  can  be  seen.,  only  a 
mass  of  uninterrupted  surface  leafage.  Any  one  who  will  examine  a  country  seat  which  was  noted 
for  its  fine  planting  fifty  }'ears  ago  will  find  that,  unless  it  was  specially  fortunate  in  having  a  skilled 
landscape  gardener  for  its  owner,  it  has  lost  its  landscape  beauty  and  has  become  more  like  a  primeval 
forest,  with  bits  of  neglected  undergrowth. 

With  due  deference  to  one's  present  fondness  for  ample  planting,  and  to  the  general  disposition 
not  to  sacrifice  this  year's  beauty  for  next  year's  gain,  I  must  sa}'  that  in  my  judgment  at  least  one- 
half  of  the  problem  in  question  might  be  solved  b}'  a  rigorous  and  vigorous  use  of  the  hatchet  and  the 
a.xe.  I  believe,  too,  that  if  this  were  juiliciousl}-  done,  not  onl\-  tlie  future  but  the  present  beaut}-  of  the 
whiile  region   would   be  as  niLich  impro\'ed  as  would   its   healthfulness. 

My  examination  \\as  too  slight  for  me  to  specify  many  details.  This  can  be  done  onl}-  after  a 
careful  and  minute  examination   of  the  whole  area. 
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Whatever  view  we  may  take  of  the  theories  of  different  autliorities  on  the  subject,  we  reach  always 
the  same  practical  conclusion.  Lancisi,  and  all  who  succeeded  him  down  to  the  time  of  MacCulloch, 
attach  prime  importance  to  paludal  influence.  Dr.  Mitchell  entertained  the  opinion  that  the  causative 
agency  of  malaria  is  a  cryptogam  whose  best  development  takes  place  under  conditions  favorable  to 
the  growth  of  the  commoner  fungi.  Colin  believes  that  malaria  is  produced  with  greater  or  less 
intensity  in  proportion  to  the  inherent  fertility  of  the  soil,  this  being  prevented  from  exhausting  its 
normal  strength  in  the  production  of  usefid  crops — in  other  words,  that  it  is  due  to  a  misdirected 
energy  of  the  soil.  Nicholas  adheres  rather  more  closely  to  the  marsh-miasm  theory,  but  believes  that 
the  germ  produced  by  marshes  and  other  wet  or  moist  lands  may  become  detached  from  them  and 
may  propagate  itself  in  and  be  transported  by  floating  mists.  These  represent  substantially  all  of  the 
theories  that  arc  accepted  by  those  who  have  considered  the  subject.  It  is  not  necessary,  with  a 
view  to  the  elimination  of  malaria,  to  determine  whether  one  or  the  other,  or  more  than  one,  of  these 
theories  is  correct.  They  all  lead  to  the  practical  conclusion,  already  stated,  that  the  production  and 
propagation  of  malaria  are  favored  and  apparently  controlled  by  the  presence  of  atmospheric  and  ground 
moisture,  and  the  conclusion  is  accepted  by  all  that  in  the  reduction  of  the  amount  of  this  moisture 
the   power  of  production    and   propagation    is    destroyed   or    greatly    lessened. 

Drainage  is  the  cliief  agent  by  which  this  is  to  be  effected.  As  an  accessory  means  to  this  end, 
much  importance  is  to  be  attached  to  the  prevention  of  aerial  stagnation  by  the  removal  of  under- 
growth, shrubbery,  etc.,  in  order  to  facilitate  a  free  sweep  of  currents  of  air  over  the  surface  of  the 
ground. 

There  are  large  areas  in  different  parts  of  the  country  where,  without  the  presence  of  actual 
swamps,  there  are  marked  indications  of  the  undue  ;iccumulation  of  water,  and  where  these  conditions 
seem  to  give  rise  to  malarial  influences.  They  exist  in  many  cases  where,  for  financial  reasons,  it  would 
not  be  practicable  to  secure  anything  like  a  thorough  drainage  of  the  land.  Frequently,  hundreds  of 
acres  scattered  here  and  there  and  occupied  by  worthless  forests  or  brush,  and  where  other  conditions 
prevent    improvement    for  agricultural   reasons  alone,  would   be  benefited   b}'  much   less  costly   treatment. 

There  is  no  doubt  that  in  a  great  number,  perhaps  in  the  majority,  of  such  cases  effective  surface- 
drainage  would  secure  a  vast  improvement.  I  have  recently  had  occasion  to  recommend  such  treat- 
ment with  reference  to  a  large  tract  in  Alabama,  where  there  is  so  little  difference  of  level  that  the  flow 
of  storm-water  is  not  only  retarded  by  slight  elevations  between  low  areas,  but  is  not  carried  away  even 
where  the  fall  is  continuous,  though  slight  and  circuitous,  because  of  the  absence  of  a  suitable  channel 
of  discharge.  There  is  no  outlying  water-shed  to  accumulate  storm-water  in  such  volume  as  to  erode 
a  channel,  only  a  general  accumulation  of  the  rainfall  of  the  whole  district  in  slight  depressions  scat- 
tered here  and  there  over  it.  A  study  of  the  elevations  of  different  parts  of  tliis  tract  shows  that  it 
would  be  easy  and  inexpensive  to  run  a  main  ditch  on  a  course  traversing  a  large,  continuous  range  of 
these  depressions  adequate  to  the  immediate  removal  of  all  storm-water  reaching  them  ;  and  to  grade 
down,  in  the  form  of  swales,  outlets  leading  from  isolated  pockets  to,  or  to  the  vicinity  of,  this  ditch. 
The  general  rule  adopted  was  to  furnish  a  free  drainage-way  from  every  part  of  the  area  at  a  depth  of 
not  less  than  one  foot  below  the  lowest  part  of  each  depression,  and  to  give  the  main  channel  a  fall 
of   not    less   than    five    feet  per   mile. 

It  is  not  necessary  for  the  purpose  now  under  consideration  to  make  the  channel  so  large  as  to 
secure  the  immediate  removal  of  the  water  of  heavy  storms  without  overflowing  the  banks.  The  pur- 
pose is  not  to  \)\\i  the  land  in  good  condition  for  agricultural  purposes,  nor  is  there  for  the  pres- 
ent end  any  objection  to  its  being  submerged  for  a  sliDrt  time.  The  point  in  \'iew  is  simpl_\-  to 
make  sure  that  all  storm-water  falling  on  the  whole  district  shall  be  steailily  and  surely  removed, 
without  lying  at  any  point  for  a  sufificient  time  to  make  it  sodden  or  to  change  the  character  of 
its   vegetation.     As    an    acces.sory    improvement,    I     have    advised     the    clearing    out    of    all     bushes    and 
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the  thinning   out    of    wooded    tracts,    so    that,  wherever   possible,    free    access    may  be  given  to    sunlio-ht 
and    everywhere    to  the  circulation    of   air. 

The  foregoing  covers  a  rapid  review  of  the  various  facts  and  theories  connected  with  this  subject 
so  far  as  they  are  apphcable  to  the  present  purpose.  They  all  lead  clearly  to  the  conclusion  that 
whatever  other  incidental  or  accessory  conditions  may  influence  the  problem,  the  underlying  factor,  at 
least  in  our  climate,  is  in  all  cases  one  which  may  be  eliminated  or  rendered  relatively  unimportant 
by  such  improvement  of  the  condition  of  the  ground  as  can  be  effected  by  drainage,  or,  in  some  cases 
by  cutting   off  water   by   which    the   ground   is    saturated. 

The  required  improvement  is  to  be  effected  probably  in  all  cases  by  carrying  out  precisely  the 
methods  of  drainage  which  would  be  necessary  for  agricultural  improvement.  There  is,  therefore,  no 
occasion  to  recite  methods  here,  only  to  make  reference  to  the  preceding  chapter  and  to  other  authori- 
ties  on   the  subject   of  agricultural  drainage. 


APPENDIXES. 


APPENDIX  A. 

THE  DRY-EARTH  SYSTEM. 

•■""VUBLIC   attention   in  this   country    was   first    called    to  the    earth-closet   by    an     article    of    mine     published 

fM in    Judd's    "Agricultural    Annual"    for   1868      I   made   a  more  comprehensive  statement  concerning   this 

invention  in  a  pamphlet  entitled  "Earth-Closets  and  Earth-Sewage"  (1872).  In  my  "Sanitary  Drainage 
of    Houses    and    Towns"    (1876),   the   subject    was  again  treated  under  the  title  "  The  Dry-Conservancy  System." 

In  common  with  the  rest  of  the  world  at  that  time,  I  believed  that  ffEcal  matter  constituted  the  chief 
factor  of  the  sewerage  problem  ;  that  dry  earth  was,  for  general  use,  the  best  disinfecting  material  avail- 
able, and  the  earth-closet  system  the  best  system  available  ;  and  that  the  mixing  of  the  manure  with  earth 
would   be   the   best    means    for  preserving    it   in    a    useful    form. 

It  is  hardly  necessary  for  me  to  say  that  I  am  now  convinced  that  fsecal  matter  may  be  regarded 
as  almost  trifling  when  compared  with  other  wastes  ;  that  water,  wherever  it  is  available,  is  a  much  better 
vehicle  for  the  removal  of  offensive  matters  than  earth  is  ;  and  that  dry  eartli,  instead  of  being  a  preserver 
of    manure,  is  a    most    active   and    efficient    destroyer    of    it. 

The  earth-closet  is  invaluable  in  many  cases  where  the  water-closet  is  not  available.  It  is  not  to  be 
considered  where  a  proper  water-closet  is  available.  A  simple  application  of  its  principle  is  of  inestimable 
value  for  the  sick-room.  More  than  this  can  Jiardly  be  said  in  its  favor.  The  water  system  properly 
developed  is  as  much  better  than  the  earth  system  as  the  earth  system  is  better  than  the  old  vault  and 
cesspool  system.  At  the  same  time  there  are  many  cases,  especially  in  small  villages  and  in  connection 
with  country  houses,  where  no  proper  application  of  the  water  system  can  be  made  and  where  the  earth- 
closet  is  practically  indispensable.  The  question  has  at  times  been  raised  as  to  the  efficiency  of  the  earth 
in  destroying  the  germs  of  disease  as  well  as  in  destroying  odor.  Professor  RoUeston  twenty  years  ago 
said  in  the  Lancet:  "If  lam  told  that  the  earth-closet  is  inoffensive  and  that  the  privy  is  foetid,  I  answer 
that  the  rattlesnake  is  none  the  less  dangerous  because  its  rattle  is  removed  ;  and  that,  for  anything  shown 
or  known  to  the  contrary,  odor  is  to  infection,  deodorization  to  disinfection,  what  the  noise  of  the  serpent 
is  to  iis  bite."  The  cumulative  evidence  of  the  various  sewage-farms  of  the  world  certainly  justifies  the 
belief  that  the  organisms  which  destroy  the  organic  matter  in  earth-closet  deposits  also  destroy  any  dis- 
ease-germs that  may  have  been  carried  to  them.  There  is  no  reason  to  suppose  that  the  least  sanitary 
danger   attends    the  proper    use    of    this  closet. 

It  is  even  more  essential  with  earth  than  with  water  that  proper  care  should  at  all  times  be  given  to 
it.  A  well-kept  earth-closet  is  perfectly  inoffensive  and  satisfactory  ;  one  that  is  only  half  well  kept  is  a 
nuisance  and    a   source   of    danger. 

That  the  earth-closet  deposits  have  very  little  manurial  value  if  kept  long  enough  to  become  dry  is 
now  well  understood  by  those  who  are  familiar  with  the  subject.  It  was  amply  demonstrated  in  my  own 
case.  I  used,  for  several  years,  the  same  mi.xture  of  garden-mould  and  anthracite  ashes,  passing  it  through 
the  closets  not  less  than  a  dozen  times.  A  little  ashes  was  added  to  the  heap  from  time  to  time,  but 
not  enough  to  affect  the  result.  At  the  end  of  the  period  I  had  an  analysis  made  of  the  mould  of  the 
garden  from  which  the  earth  had  been  taken  and  of  the  accumulation  which  had  been  so  often  used. 
The  garden-mould  was  the  richer  of  the  two.  .\  computation  of  the  amount  of  nitrogen  tliat  had  nec- 
essarily   been   deposited    in    this  closet    during    the    years    of     trial,    wlien    compared     with     the     results    of     the 
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analysis  at  the  end  of  the  trial,  showed  that  pretiy  nearly  all  of  it  had  been  consumed,  at  least  so  far  as 
to  elude  careful  analysis.  The  same  was  the  case  with  the  carbonaceous  parts  of  the  deposits.  The  min- 
eral matters,  such  as  phosphates  and  akalies,  were,  of  course,  retained  in  the  mass,  but  their  amount  was  not 
great.  The  material  would  not  have  been  worth  ten  miles  cartage  for  agricultural  use,  and  when  spread  on 
my    lawn    it    produced    a    very    disappointing    effect. 

In  my  judgment,  the  future  claim  of  the  earth-closet  must  rest  solely  on  its  convenience  and  on  its 
sanitary  benefit  as  comjiared  with  the  cruder  methods  now  in  common  use  ;  from  this  point  of  view  it  is 
an  important  step  in  the  right  direction.  This  opinion  is  radically  different  from  that  which  impelled  me 
to  secure  the  introduction  of  the  dry-earth  system  in  this  country,  but  it  is  the  outgrowth  of  incontro- 
vertible  proof. 
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APPENDIX  B. 

TYPHOID  FEVER. 

HE  essay  herewith  published,  although  written  only  ten  years  ago,  is  different  in  some  of  its  details 
from  what  it  would  have  been  if  written  now,  but  it  may  be  taken  as  indicating  the  state  of 
knowledge  and  practice  of  that  date.  Nothing  in  recent  investigations  has  affected  the  reliability  of  the 
principles  therein  set  down.  So  far  as  the  details  of  preventive  work  are  concerned,  they  are  sufficiently 
indicated    in  the   preceding    pages. 

The,  germ  of  typhoid  fever  has  been  discovered  and  studied,  and  much  has  been  added  to  our  store 
of  knowledge  on  the  subject.  It  seems  to  be  established  that  the  theory  of  de  710VO  origin  must  be  dis- 
carded. Also,  that,  in  a  strict  sense,  typhoid  is  not  a  pythogenic  disease  ;  that  is,  the  mere  presence  of 
filth  does  not  suffice.  The  filthy  matters  must  have  been  infected  from  a  previous  case  of  the  disease  ; 
that  is,  that  filth  is  an  agent,  not  a  cause.  Filth  is  none  the  less  to  be  avoided  for  all  that,  for  its 
activity  as  an  agent  is  very  great  and  all  pervading.  The  instances  cited  of  the  apparent  origination  of 
typhoid  in  remote  localities  are  at  best  but  negative  evidence,  and  it  is  probable  that  a  closer  knowledge 
of    all    attending  circumstances    would  trace    the    infection. 

Water,  while  a  ready  vehicle  of  the  typhoid  germ,  does  not  give  off  the  germ  by  mere  exhalation. 
Whether  in  a  trap,  in  a  sewer,  or  elsewhere,  bubbling  or  splashing  is  probably  necessary,  the  bubbling 
caused  by  the  decomposition  of  organic  matter  in  the  water  being  sufficient.  It  is  not  known,  nor  is  it 
believed  by  the  best  authorities,  that  typhoid  fever  is  ever  spread  by  surface  or  sub-surface  irrigation,  the 
probability  being   that  bacterial  action,    with  a    sufficient   exposure    to    air,  in   the  surface-soils  destroys    the  germ. 

It  is  now  known  also  that  gases,  as  such,  and  odors,  as  such,  do  not  convey  the  disease,  though  they 
may  so  affect  the  general  health  as  to  cause  a  predisposition  to  infection.  Modern  improvements  in  our 
sewerage   and    in   house-draining   have   vastly    lessened    the   danger   and   reduced  the  prevalence  of  the  disease. 


THE  CAUSATION   OF   TYPHOID   FEVER.* 

A    PRIZE    ESSAY    OF    1878. 

The  long-continued  and  somewhat  thorough  investigations  of  the  ultimate  methods  of  the  causation  of  this  disease 
have  failed  of  a  scientifically  accurate  result.  The  question  whether  typhoid  fever  always  springs  from  the  presence 
of  specific  poison  produced  by  a  ])arent  case  of  the  disease,  or  whether  it  may,  under  certain  circumstances,  arise  de 
novo,  is  still  in  doubt.  It  is  hardly  worth  while,  in  a  paper  prepared  for  the  use  of  medical  practitioners,  to  restate  the 
facts  and  observations  which  suijport  one  or  the  other  of  these  theories  ;  this  would  lead  only  to  the  inconclusive 
result  which  has  always  thus  far  attended  the  discussion. 

By  far  the  majority  seem  to  sustain  the  o]iinion  of  Dr.  Budd  and  his  followers  that  the  disease  can  originate  only 
from  the  presence  of  a  specific  poison  produced  by  a  previously  existing  rase.  It  should  be  remrmbered,  however, 
that  as  most  physiological  investigators  have  confined  their  observations  to  dense  communities,  where  the  disease  has 
prevailed,  their  observations  are  more  or  less  clouded  by  the  probability  that  previous  cases  have  liad  an  influence  upon 
those  under  consideration. 

*Tlie  trustees  of  the  Fiske  Fund,  at  the  annual  meeting  of  the  Rhode  Ulnnd  Medical  Society,  held  in  Providence.  June  12,  1878, 
announced  thai  they  had  awarded  a  premium  of  two  hundred  dollars  for  the  licst  dissi  rtation  on  the  Causation  of  Typhoid  Fever  to  an 
c'say  bearincr  the  motto.  "  Qui  n'a  sante  n'a  rien  ".-  and  on  breakine  the  seal  of  the  accompanying  pnckct  thcv  found  the  author  to  be 
George   E   Waring,  Jr.,  of   Newport,  R.  I.— Charles  H.  Fisher,  M.D,  Edward  T.  Caswell,  M.D..  George  P.  Baker,  M.D.,  Charles 

W.  Parsons,   M.D.,  Trusties. 
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Although  their  number  is  far  smaller,  other  investigators  have  devoted  themselves  entirely  to  very  sparsely  settled 
districts,  whose  isolated  families  have  so  little  communication  with  the  rest  of  the  world  and  with  each  other  that  it  is 
easy  to  determine  the  exact  circumstances  of  contact.  The  occurrence  of  typhoid  fever  in  a  house  standing  miles  away 
from  all  others,  where  it  is  rare  that  any  member  of  the  family  goes  from  hi  me,  and  where  a  visitor  as  rarely  comes,  fur- 
nishes strong  presumptive  evidence  of  the  correctness  of  Dr.  JVIurchison's  theory  of  a  possible  de  novo  origin. 

To  show  the  testimony  upon  whicia  opinions  are  based,  we  may  cite  the  instances  described  in  various  reports  of 
the  Massachusetts  State  Board  of  Health.  In  that  State  .the  annual  deaths  from  this  disease  are  about  one  in  one 
thousand,  and  it  is  estimated  that  one-tenth  of  the  cases  are  fatal  ;  so  that  about  one  per  cent,  of  the  population 
are  attacked  by  the  disease.  There,  as  elsewhere,  typhoid  is  peculiarly  a  disease  of  the  country  rather  than  of  the 
town.  The  observations  of  ten  years  show  that  among  a  population  ot  1,044,294  jiersons,  living  in  large  towns,  the 
typhoid  death-rate  vvas  0.755  ;  and  that  among  a  population  of  213,468  persons,  living  in  ^mall  towns,  the  rate  was 
1. 189. 

The  case  is  reported  of  a  house  in  Hadley,  built  by  a  clergyman,  where  a  well  existed  in  the  cellar  into  which  foul 
air  from  the  sink-drain  had  access.  Vegetables  were  kept  in  the  cellar  ;  the  windows  were  never  taken  out  ;  there  was 
no  escape  for  the  foul,  damp  air  ;  and  water  stood  in  drops  upon  the  ceiling  and  walls. 

"After  a  few  months'  residence  in  the  house  the  minister's  wife  died,  of  fever,  so  far  as  I  can  learn.  He 
soon  married  again,  and  within  one  year  of  the  death  of  the  first  wife  the  second  died,  from,  as  I  understand, 
the  same  disease.     The  children  were    also    sick.       He  lived  in  the    house    about  two  years.      The  next  occupant 

was  a  man  named  B .       His  wife  was  desperately   sick.       A  physician  then  took  the  house.       He  married,  and 

his  wife  died  of  the  fever.  Another  physician  was  the  next  tenant,  and  he,  within  a  few  months,  came  near  dying 
of  erysipelas.  All  this  while  matters  had  remained  as  before  described  with  reference  10  ventilation.  A  school- 
teacher then  rented  the  house,  and  tore  up  the'  closed  box,  but  did  not  cover  the  well.  This  was  about  eight 
years  after  building  the  house.  The  sickness  and  fatality  were  so  marked  that  the  property  became  unsalable. 
When  last  sold  every  sort  of  prediction  was  made  with  reference  to  the  risks  of  occupancy,  but,  by  a  thorough  attention 
to  sanitary  conditions,  no  such  risks  have  been  encountered." 

The  case  of  the  Maple\vo')d  school  at  Pittsfield,  fully  and  thoroughly  reported  upon  by  Drs.  Palmer,  Ford,  and 
Earle,  is  too  well  known  to  be  detailed  here.  Of  seventy-four  resident  pupils,  sixty-six  had  illness  of  some  sort ; 
fifty-one  had  well-marked  typhoid  fever.  Of  the  whole  family  of  one  hundred  and  twelve  persons,  fifty-six  had  typhoid 
fever,  and  sixteen  of  these  died.  The  cellar  was  used  for  storing  vegetables  ;  the  privy-vault  communicated  with  the 
main  hall  of  the  building  ;  the  kitchen-drain  discharged  near  by  ;  the  privy-vaults  were  filled  nearly  to  the  surface  ; 
and,  in  the  summer  season,  the  house  was  pervaded  by  foul  odors.  The  school  was  dismissed  ;  the  sanitary  condition 
of  the  establishment  was  thuroughly  improved,  and  the  institution  became  and  has  remained  free  from  the  disease. 

In  a  boys'  school  in  Pittsfield  the  well  stood  under  the  wash-house,  and  was  fouled  by  its  leaking  drain.  Coin- 
ciding with  this  condition  there  vvas  a  serious  outbreak  of  typhoid.  The  well  being  closed,  and  ihe  water-supply  being 
taken  from  another  source,  the  fever  subsided.  In  another  instance,  men  engaged  in  draining  a  meadow  drank  from  a 
well  supplied  only  from  the  water  of  the  meadow,  and  were  attacked  under  circumstances  which  seemed  to  connect 
the  disease  with  the  drinking  of  this  water.  In  another  an  attack  followed  the  drinking  of  water  from  a  sluggish  brook 
fouL'd  by  town  sewage. 

Evidence  is  given  in  these  reports  of  outbreaks  which  were  traceable  to  the  tainting  of  an  air-box,  which  supplied 
a  furnace,  by  exhalation  from  the  house-drain  ;  by  the  draining  of  a  mill-pond  which  contained  no  sewage  matters  ;  and 
by  the  proximity  of  a  stagnant  ditch  which   had  no  obvious  source  of  excrementitious  fouling. 

In  Sutton  an  outbreak  of  typhoid  coincided  with  the  flow  of  barnyard  waste  into  a  well  three  rods  distant  on  the 
occasion  of  a  sudden  thaw. 

The  correspondiint  from  the  town  of  Oxford  says  :  "  So  firm  is  my  belief  of  this  [referring  to  exhalations  from 
foul  drains,  cellars,  privies,  and  pig-sties]  as  a  cause  of  typhoid  fever  that  when  I  meet  with  a  case  of  typhoid  fever 
not  readily  traceable  to  some  of  these  causes  I  infer  that  the  truth  has  not  been  told  me,  or  that  my  perceptive  faculties 
have  been  at  fault." 

At  Martha's  Vineyard  and  in  Newton  there  seems  to  be  evidence  that  the  prevalence  of  typhoid  is  effected  by  ge- 
ological conditions,  clay  subsoil  or  underlying  rock  covered  with  rich  soil  favoring  the  disease.  The  very  local  char- 
acter of  most  epidemics  indicates  defects  of  soil  rather  than  of  air.  A  physician  in  Pittsfield  reports  four  cases  and 
one  death  occurring  among  charcoal-burners  occupying  two  houses  standing  high  up  on  the  mountain-side  and  supplied 
with  pure  spring-water.  The  first  case  had  been  exposed  to  no  other  than  local  agencies.  The  house  was  built  into 
the  hill-side,  and  on  its  upper  side  there  was  a  foul  pool  of  house-slops  standing  several  feet  higher  than  the  level  of 
the  floor.  This  seemed  to  have  caused  the  first  attack  of  the  disease,  which  subsequently  extended  to  the  other  house, 
there  being  frequent  communication  between  the  two.  The  outbreak  took  place  in  August,  when  the  windows  over- 
looking this  foul  water  were  probably  kept  open.  At  Coltsville  slops  were  thrown  out  near  the  well,  and  a  foul  barn- 
yard pool  stood  near  it.  The  condition  of  the  well  was  the  only  traceable  cause  of  the  disease  which  followed.  In 
another  case  the  fever  occurred  after  the  use  of  water  from  a  well  near  a  barnyard.  Indeed,  in  all  of  the  records 
of  typhoid  investigations,  here  and  abroad,  there  appear  innumerable  instances  where  drinking-water  wells  were  con- 
taminated by  infiltrations  from  manure-heaps,  swill,  slops,  cesspools,  and  privy-vaults.  In  other  cases,  where  there  has 
been  no  conspicuous  contamination  of  the  drinking-water,  outbreaks  of  the  disease  have  coincided  with  the  emptying 
of  mill-ponds  for  the  purpose  of  repairing  the  dams.  Again,  the  infection  of  well-water  by  the  infiltration  of  soap- 
suds in  which  the  clothing  of  fever  patients  had  been  washed  seems  to  have  caused  an  outbreak. 

One  of  the  most  striking  examples  of  investigation  of  the  ajtiologv  of  typhoid  fever  occurring  in  very  sparsely 
settled  districts  is  to  be  found  in  a  paper  by  Dr.  \V.  H.  Bramblett,  of  Newbern,  Va.,  jniblished  in  the  Virginia  Mfdi- 
tra/ Moni/i/y,  May,  iS-j-j,  page  log.  Dr.  Bramblett  practises  along  both  sides  of  New  River,  which  flows  through  a 
mountainous  country  ).)roken  into  numerous  valleys  and  gorges.  There  are  no  ])onds  or  marshes  whatever,  and  the 
elevation  is  from  twenty-two  hundred  to  twenty-five  hundred  feet  above  the  sea.  His  investigations  lead  him  to  the 
belief  that  typhoid  fever  may  originate  without  the  least  possible  connection  with  a  previous  case.     He  cites  seventeen 
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cases  which  had  seven  distinct  starting-points,  entirely  unconnected  with  one  another  and  with  any  other  traceable 
source  of  contagium.  The  drinking-water  seems  to  have  been  always  pure  mountain-spring  water  ;  the  privies  appear 
to  have  been  well  placed  with  respect  to  the  house  ;  and,  so  far  as  can  be  gathered  from  Dr.  Bramblett's  report,  there 
was  an  entire  absence  of  all  of  the  conditions  which  usually  attend  outbreaks  of  this  disease.  The  description  of 
symptoms  indicates  that  the  cases  were  all  true  typhoid  fever.  Among  his  conclusions  Dr.  Bramblett  suggests  the 
following:  that  "typhoid  fever  often  originates  spontaneously,"  or  that  "  the  contagium  to  which  the  disease  owes  its 
specific  character  originates  de  novo." 

In  estimating  the  value  of  this  report  it  is  to  be  considered  that  the  reporter  believes  typhoid  fever  to  be  directly 
contagious — a  conclusion  diametrically  opposed  to  the  recorded  observations  of  those  who  have  had  experience  in 
great  fever  hospitals. 

While  the  voluminous  records  of  investigation  as  to  the  origin  of  ty]5hoid  fever  fail  utterly  to  decide  the  question 
between  those  who  do  and  those  who  do  not  believe  that  it  can  originate  de  novo,  and  while  they  leave  in  doubt  the 
question  between  "living  germ  "  and  "specific  poison  " — while,  in  other  words,  they  leave  the  purely  scientific  prob- 
lem still  unsolved — they  are  full  of  instruction  as  to  the  causation  of  the  disease  as  we  almost  uniformly  know  it  in 
practice.  From  the  point  of  view  of  the  medical  practitioner,  although  much  is  still  to  be  learned,  we  already  know 
enough  for  the  complete  stamping  out  of  typhoid  fever  as  an  epidemic.  Sporadic  cases  may  still  occur,  but  if  the 
physician  knows  what  he  may  now  learn,  if  he  is  energetic  in  the  performance  of  his  duty,  and  if  he  is  sustained  by  pri- 
vate opinion  and  by  public  authority,  he  may  in  every  instance  prevent  the  extension  of  the  disease  to  a  second  sub- 
ject. Practically,  so  far  as  the  health  of  the  public  is  concerned,  we  may  be  said  to  possess  already  very  nearly  all  the 
knowledge  that  we  need. 

There  is  no  longer  any  dispute  concerning  the  chief  vehicles  by  which  the  specific  contagium  of  typhoid  fever  is 
conveyed.  These  are  the  air  that  we  breathe  and  the  liquids  that  we  drink.  Perhaps  we  may  narrow  the  question 
still  more,  and  ascribe  to  the  action  of  the  air  only  the  indirect  conveyance  of  the  contagium  to  the  stomach  ;  for  there 
are  indications  that  as  the  contagium  of  typhoid  fever  proceeds  from  disorders  of  the  alimentary  canal,  so  it  is  only 
the  surfaces  of  the  alimentary  canal  which  are  susceptible  to  its  attack. 

The  poison  of  the  air  may  be  direct  or  indirect  ;  that  is,  it  may  be  due  to  the  exhalations  of  decomposing  matters 
in  dung-heaps,  pig-sties,  privy-vaults,  cellars,  cesspools,  drains,  and  sewers  ;  or  it  may  be  due  (according  to  Pettenkofer) 
to  the  development  of  the  poison  deep  in  the  ground  and  its  escape  in  an  active  condition  in  ground  exhalations. 
The  water,  milk,  etc.,  which  we  drink  may  be  contaminated  by  the  absorption  of  foul  odors  from  air  with  which  they  are 
in  contact,  or  by  the  direct  admixture  of  organic  matters  bea'ing  the  elements  of  infection.  There  is  such  a  multi- 
tude of  possible  sources  and  channels  by  which  the  infection  may  be  brought  tons  that  it  is  often  almost  impossible,  in 
first  cases,  to  determine  which  has  been  actually  in  operation  ;  but  the  original  case  being  established,  it  becomes 
comparatively  easy  to  trace  the  channel  of  its  influence  in  the  production  of  further  cases. 

It  is  with  these  well-known  and  clearly  traceable  agencies  of  development  and  communication,  by  which  the 
initial  causation  is  favored  and  the  extension  of  the  disease  insured,  that  the  practising  physician  and  the  health 
officer  have  chiefly  to  do  If  it  is  true  that  prevention  is  better  than  cure,  then  it  should  be  the  first  care  of  the 
physician  to  insure  the  absence  of  all  conditions  which  do  or  may  favor  the  origin  and  spread  of  the  disease. 

Typhoid  fever  has  in  this  connection  an  especial  im[)ortance,  not  only  as  being  a  wide-s]iread  scourge  of  almost  un- 
equalled magnitude,  but  as  being  the  typical  "  pythogenic  "  disease.  Its  development  and  extension  are  due  to 
conditions  which  equally  promote  the  spread  of  dijiht-heria,  dianhoea,  dysentery,  cerebro^spinal  meningitis,  scarlet 
fever,  and  the  long  list  of  minor  ailments  which,  without  destroying  life,  make  living  almcst  worthless — diseases  which 
undermine  happiness,  sap  the  springs  of  energy,  and  overwhelm  the  patient  with  listlessness  and  ennui.  It  is  the  best 
known  and  the  most  widely  spread  of  the  long  list  of  preventable  diseases  ;  and  as  the  circumstances  which  favor 
the  extension  and  aggravate  the  character  of  the  whole  of  these  are  those  which  have  the  strongest  influence  over 
itself,  so  by  removing  the  conditions  which  foster  them  we  shall  do  much  to  restrict  its  contagion. 

All  the  learning  of  the  ages  has  taught  us  no  better  foniuila  to  express  a  perfect  sanitary  environment  than  the 
old  one  of  Hippocrates  :   "  Pure  air,  pure  water,  and  a  pure  soil." 

If  we  would  turn  typhoid  from  our  doors,  and  liter.rlly  stamp  it  out  as  an  epidemic,  we  need  only  to  insure  this 
condition  in  its  integrity.  We  may  still  import  single  cases  from  less  cleanly  neighborhoods,  but  it  will  be  our  fault  if 
we  permit  it  to  attack  even  one  of  our  own  community. 

Turning  now  to  the  practical  bearings  of  the  qr.estion,  we  may  safely  assume  that  typhoid  fever  is  not  conveyed 
by  simple  personal  contact  with  the  diseased  body.  According  to  Dr.  Murchison,  in  the  London  Fever  Hospital, 
where  two  thousand  five  hundred  and  six  cases  of  typhoid  fever  were  treated  in  fourteen  and  one-half  years,  there 
occurred  during  the  whole  time  only  eight  cases  which  originated  in  the  hospital.  Other  instances  are  almost  as 
striking,  and  in  some  cases  the  disease  originated  in  isolated  wards,  such  as  small-pox  wards,  where  personal  contact 
was  impossible,  but  where  a  conveyance  of  the  infection  by  drains,  air-channels,  etc.,  was  clearly  detected. 

It  may  doubtless  be  assumed  that  the  agency  in  the  spreading  of  the  disease  from  an  original  case  exists  entirely 
in  the  dejections  from  the  bowels.  Dr.  Budd  thinks  that  the  surface  of  the  bov.els  throws  off  the  specific  poison, 
as  the  surface  of  the  skin  throws  off  the  poison  of  other  diseases.  The  infecting  material,  whatever  may  be  its 
character,  is  believed  never  to  be  active  until  it  has  undergone  a  certain  development  in  connection  with  subsequent 
fermentation  or  decomjjosition  of  the  dejections.  Its  vitality  is  very  great,  and  seems  little  dependent  upon 
circumstances  other  than  the  effect  of  a  very  high  temperature.  Dr.  J.  M.  I, azzell,  in  the  "  Transactions  of  the 
Medical  Society  of  West  Virginia  for  1877,"  publishes  a  jiaper  on  the  contagiousness  of  tvphoid  fever,  in  which  he 
describes  an  outbreak  in  the  lamily  of  one  Thomas,  which  in  time  ])rodu(ed  such  terror  that  no  nurse  or  washer- 
woman could  be  induced  to  come  to  the  house.  'I'he  bed-lin-  n  anil  clothing,  soiled  with  typhoid  dejections,  were 
boxed  up  and  packed  away.  Three  months  after  the  disease  had  ilisappeared  from  the  country,  and  when  the  general 
health  was  good  a  girl  came  from  six  miles  distant  to  do  the  housework.  Among  other  things  she  washed  this 
boxed-up  clothing.  In  ten  or  twelve  days  she  was  taken  sick,  and  went  home  Dr.  l.azzell  was  called  to  her  five 
days    later,  and    recognized    the    same  form    of    typhoid  fever  that  had  occurred  in    the  Thomas  family.     Eleven 


!7o 


SEWERAGE   AND  LAND-DRAINAGE. 


members  of  her  household  were  exposed,  and  eight  of  them  took  the  disease.     It  did  not  attack  a  single   person 
not  so  exposed. 

The  evidence  is  copious  and  conclusive  that  typhoid  infection  is  transmitted  often  to  a  long  distance,  and  after 
the  lapse  of  considerable  time,  by  running  water  to  which  the  dejections  have  obtained  access. 

In  VVicken  Bonant  the  stools  of  a  typhoid  pat.ent  were  thrown  into  a  vault  which  st.od  near  to  the  tdge  of 
a  brook  thirty- five  yards  above  the  parish  well.  The  water-course  carried  the  infection  to  the  well.  Forty-five 
cases  occurred  :  five  of  them  among  one  hundred  and  eighteen  persons  who  did  not  drink  water  from  the  well, 
and  the  remaining  forty  among  eighty-eight  persons  who  had  no  other  source  of  water-supply.  That  is  to  say, 
of  those  who  used  the  water  from  the  parish  well  forty-s>ix  per  .cent,  were  attacked,  and  among  those  obtaining 
water  from  otlier  sources  less  than  thiee  [jer  cent,  were  attacked.  This  statement  is  taken  from  the  twelfth  repoit 
of  the  Medical  Officer  of  the  Privy  Council  of  England. 

I  have  previously  cited  the  case  of  the  outbreak  at  Over  Darvven,  in  England,  as  follows  : 

"  There  has  ri.-cently  been  an  investigation  into  theoriginof  an  outbreak  of  'filth  fever'  in  Over  Darwen,  England, 
the  origin  of  which  for  a  long  time  eluded  the  careful  searcii  of  the  authorities.  It  was  finally  worked  out  by  a  sanitar;,' 
officer  sent  from  London.  The  first  case  was  an  imported  one,  occurring  in  a  house  at  a  considerable  distance  from 
the  town.  The  patient  had  contracted  the  disease,  came  home,  and  died  with  it.  On  first  inquiry  it  was  stated  that 
the  town  derived  its  water-supply  from  a  distance,  and  that  the  water  was  brought  by  covered  channels  and  could  i  ot 
possibly  have  been  polluted  by  the  excreta  from  this  case.  Further  examination  showed  that  the  drain  of  the  closet 
into  which  the  excreta  of  this  patient  were  passed  emptied  itself  through  channels  used  for  the  irrigation  of  a  neighbor- 
ing field.  The  water-main  of  the  town  passed  through  this  field,  and,  although  special  precautions  had  been  taken  to 
prevent  any  infiltration  of  sewage  into  the  main,  it  was  found  that  the  concrete  had  sprung  a-leak  and  allowed  the 
contents  of  the  drain  to  be  sucked  freely  into  the  water-pipe.  The  poison  was  regularly  thiown  down  the  drain,  and 
as  regularly  passed  into  the  water-main  of  the  town.  This  outbreak  h;,d  a  ferocity  that  attra(  ted  universal  attention  ; 
within  a  very  short  period  two  thous  nd  and  thirty-five  people  were  attacked,  and  one  hundred  and  four  died," 

Liebermeister  says  that  typhoid  dejections,  conveyed  in  night-soil  spread  as  manure  upon  the  gathering-ground  of 
an  acpieduct,  so  contaminated  the  water-supply  .is  to  produce  an  epidemic  of  typhoid  fever  among  the  population 
using  the  water. 

Similar  instances  might  be  cited  almost  without  number.  Indeed,  there  is  among  iiivestigators  no  difference  of 
opinion  as  to  the  communication  of  the  disease  by  means  of  drinking-water  thus  polluted.  There  are  many  instances 
recorded  of  the  contamination  of  the  water  of  wells  by  the  transmission  of  fsecal  matters  through  the  soil  from  adjacent 
privy-vaults  and  cesspools.  One  of  the  most  striking  of  these  is  that  of  an  outbreak  in  the  village  of  New  Boston,  in 
Erie  County,  N.  Y.,  in  1S43,  investigated  and  reported  upon  by  Dr.  Austin  Flint,  Sr.  From  its  early  date  this  case  is 
worthy  of  d  scription  here.  No  case  of  typhoid  fever  had  ever  been  known  in  the  county.  The  community  numbered 
forly-three  persons  ;  twenty-eight  of  these  were  attacked  with  fever,  and  ten  died.  All  of  those  affected  obtained 
their  drinking-water  from  a  well  adjoining  the  tavern  ;  but  one  family,  living  in  tlie  midst  of  the  infected  neighbor- 
hood, owing  to  a  feud  with  the  tavern-keeper,  did  not  drink  this  water  and  escaped  infection.  Two  families  lived  too 
fir  away  to  use  this  well.  This  immunity  on  the  part  of  the  enemy  of  the  tavern-keeper  led  to  a  charge  that  he  had 
maliciously  poisoned  the  w.  11 — a  charge  which  resulted  in  a  suit  for  slander  and  the  payment  of  one  hundred  dollars 
damages,  Ai  that  time  the  idea  that  ty|)hoid  fever  might  be  communicated  by  infected  drinking-water  had  not  been 
advanc  d  ;  but  its  truth  receives  strong  confirmation  from  the  fact  that  a  passenger,  coming  from  a  town  in  Massachu- 
setts where  typhoid  prevailed,  and  travelling  westward  in  a  stage-coach,  having  been  laken  ill,  was  obliged  to  stop  at  this 
tavern.  Twenty-eight  days  after  his  arrival  he  died  of  typhnid  fever,  and  thus,  doubtless,  transmitted  in  some  way  to 
the  water  of  this  well  the  germs  of  the  disease,  which  speedily  attacked  every  family  in  the  town  except  the  three 
whicli  did  not  resort  to  it  for  their  supply. 

Not  only  does  water  itself  serve  as  the  direct  vehicle  of  contagion,  bui  it  has,  in  several  striking  instances,  caused 
the  scriou.s  contamination  of  milk  which  had  been  directly  diluted  by  it,  or  which  had  been  stored  or  carried  in  vessels 
washed  with  it.  The  most  noteworthy  of  the  reported  cases  of  this  character  is  that  of  an  outbreak  in  Marylebone 
and  ihe  adjoining  parts  of  London,  reported  by  Radcliffe  in  the  second  number  of  the  new  series  of  reports  of  the 
Medical  Officer  of  the  Privy  Council.  Two  hundred  and  forty-four  cases  were  distributed  through  one  hundred 
and  forty -three  households.  There  was  at  that  time  no  corresponding  increase  in  neighboring  districts,  and  the 
metropolis  generally  was  unusually  free  from  typhoid.  The  conclusions  arrived  at  were  the  following  :  (i)  the  out- 
break was  caused  by  milk  infected  with  enteric  fever  material;  (2)  this  milk  came  from  a  pai  ticular  farm  •  (3)  the 
water  used  for  dairy  purposes  on  this  farm  contained  excremental  matters  from  a  patient  suffering  from  enteiic  fever 
immediately  before  and  at  the  time  of  the  outbreak.  Of  one  hundred  and  ninety-one  cases  occurring  in  nine  weeks 
one  hundred  and  sixty-seven  were  in  households  taking  this  milk,  and  only  twenty-four  in  households  not  taking  it. 

All  evidence  points  to  the  long  vitality  of  tne  infecting  material,  which  lies  dormant  at  times  for  many  months,  and 
then,  under  favorable  circumsta'ices,  acts  with  violence. 

Not  only  does  the  infection  follow  the  course  of  water  to  which  it  has  gained  access,  or  find  its  means  of  dissemi- 
nation in  the  exhalations  of  decomposing  filth,  and  thus  contaminate  the  air  which  we  breathe,  but  these  exhalations 
are  readily  absorbed  by  water,  which  is  capable  of  holding  the  poison,  to  the  detriment  of  those  who  may  drink  it,  and 
of  transmitting  it  again  to  air  with  which  it  may  be  in  contact.  Many  cases  have  been  reported  similar  to  that  cited 
by  Dr.  Carpenter,  health  officer  of  Croydon,  who  traced  the  ori.in  of  an  outbreak  to  the  drinking  of  water  from  a 
house-cistern    to  which  air  from  the  public  sewer  had  been  led  by  the  ]iipe  serving  as  an  overflow  for  the  cistern. 

Espcc  al  danger  attaches  to  the  use  of  water-traps,  or  water  held  in  the  bends  of  waste-pipes,  soil-pipi  s,  etc., 
when  these  are  the  only  barrier  I.etween  the  interior  of  the  house  and  a  sewer  or  cesspool  containing  typhoid  dejec- 
tions. The  retained  water  absorbs  the  poison  at  its  outer  or  sewer  end,  becomes  saturated  with  it,  and  gives  it  oft  to 
the  air  in  the  house  end  of  the  pipe. 

The  conclusion  from  the  foregoing  is  clearly  this  :  that  the  dejections  of  typhoid  patients  are  always  to  be  regard- 
ed as  dangerous  material,  cajuible  of  developing  and  spreading  the  fatal  infection  under  a  great  variety  of  conditions; 
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that  the  only  sure  means  for  preventing  the  spread  of  the  disease  must  be  sought  either  in  the  speedy,  complete,  and 
distant  removal  of  the  material,  or  in  its  complete  disinfection.  If  to  be  retained  in  the  vicinity  of  human  habitations, 
it  must  be  disinfected,  or  subjected  to  decomposition,  under  such  conditions  that  its  poisonous  material  shall  be  de- 
stroyed ;  if  to  be  removed,  it  must  be  removed  to  a  point  beyimd  the  reach  of  the  community,  and  to  a  jjoint  where  it 
can  in  nowise  contaminate   the  source   from   which  drinking-water  is  taken. 

The  contagium  of  typhoid  fever  is  not  a  poison  in  the  sense  in  which  strychnine  and  arsenic  are  poisons — attack- 
ing alike  each  body  into  which  it  may  be  introduced — but,  like  the  contagium  of  other  diseases  of  its  class,  it  depends 
upon  a  certain  condition  of  susceptibility  on  the  part  of  the  subject.  This  infection,  like  many  others,  is  inoperative 
except  upon  a  system  prepared  to  receive  it.  In  other  words,  we  must  have  not  only  the  seed  but  also  the  soil.  In 
discussing  the  causation  of  this  disease  with  the  practical  object  of  seeking  the  means  for  its  prevention,  we  have  to 
regard  not  only  the  source  of  the  contagium,  the  vehicles  of  its  iransmission,  and  the  method  of  its  attack,  but  in  al- 
most equal  degree  those  influences  which  tend  to  dispose  the  human  body  to  succumb.  This  double  condition  (that 
there  must  be,  if  not  absolutely  always,  at  least  very  generally,  an  actual  element  of  contagion,  whether  germ  or  speci- 
fic poison,  and  also  that  there  must  be  a  state  of  susceptibility  on  the  part  of  the  subject)  greatly  improves  our 
chances  of  success  in  contending  with  the  disease.  We  know  where  the  morbific  material  resides,  and  so  are  enaliled 
to  avert  its  approach  ;  and,  on  the  other  hand,  we  know  what  conditions  of  living  induce  the  susceptibility,  and  so  have 
it  in  our  hands,  by  improving  these  conditions,  to  increase  the  ]3ower  of  resistance. 

So  far  as  the  prevention  of  typhoid  fever  is  concerned,  aside  from  tonic  medication,  the  means  to  be  employed  are 
of  a  purely  hygienic  character  ;  it  is  a  question  of  the  skill  of  the  practitioner  as  a  sanitarian  rather  than  as  a  jihysician. 
He  has  two  objects  to  attain  :  first,  the  removal  of  the  infecting  cause  ;  second,  the  provision  of  healthful  conditions 
of  living.  If  the  theory  is  correct  that,  as  Dr.  Mnrchison  supposes,  typhoid  fever  may  originate  de  novo  from  the  de- 
composition of  organic  matter,  then  the  two  objects  are  to  a  certain  extent  blended,  in  so  far  as  atmospheric  conditions 
which  might  induce  susceptibility  are  also  capable  of  causing  the  disease.  In  effect,  our  practrce  will  be  safely  guided 
if  we  regard  the  two  objects  as  separate  and  distinct. 

Starting  with  the  proposition  that  typhoid  fever  is  produced  only  by  the  operation  of  a  specific  cause  borne  in  the 
dejections  of  typhoid  patients  ;  that  it  is  innocuous  when  first  voided,  but  becomes  active  after  a  certain  exposure  in 
the  decomposing  freces  ;  that  it  has  great  vitality  ;  that  it  is  capable  of  being  carried  by  flowing  water,  by  water  per- 
colating through  the  earth,  and  by  the  vapor  of  water  floating  in  the  air  ;  that  it  may  be  absorbed  and  retained  and 
exhaled  by  water  ;  and  that  it  may  be  retained,  develojjed,  and  transjiorted  by  clothing  and  other  articles  soiled  by  its 
medium,  we  see  that  the  greatest  possible  vigilance  and  the  most  skilful  care  are  to  be  applied  to  the  treatment  of 
typhoid  dejections.  Some  of  the  experiences  of  England  indicate  the  truth  of  the  statement  of  the  Rivers  Pollution 
Commissioners,  that,  so  far  as  the  cause  of  infection  is  concerned,  "  filters  do  not  filter  and  disinfectants  do  not  disin- 
fect." It  will  at  least  be  safe  to  assume  that  in  the  case  of  water-carriage  the  immediate  distant  removal  and  the  most 
complete  atmospheric  exposure  are  much  more  effective  than  any  treatment  of  sewage  by  the  usual  methods  of  filtra- 
tion ;  also,  that  any  attempt  at  chemical  disinfection  must  be  more  than  ordinarily  thorough.  There  is  reason  to  sup- 
pose— reason  almost  sufficient  to  secure  reliability — that  the  poisonous  element  is  developed  and  made  effective  only 
when  the  decomposition  of  the  faces  containing  it  takes  place  in  the  absence  of  a  supply  of  fresh  air  sufficient  to  carry 
it  on  in  the  most  rapid  and  healthy  way.  In  other  words,  active  oxidation,  whether  produced  by  oxidizing  disinfectants, 
by  the  operation  of  atmospheric  oxygen,  or  by  the  intensified  oxidizing  power  of  the  contained  gases  of  porous  mate- 
rial, seems  to  prevent  decomposing  faeces  from  assuming  a  condition  favorable  to  the  development  of  infection.  The 
evidence  in  support  of  this  theory  is  of  course  of  a  negative  character,  but  it  is  extensive,  and,  so  far  as  the  writer 
knows,  it  is  accepted  by  leading  physiologists. 

Typhoid  fever  is  not  produced  by  exhalations  from  the  surface  of  lands  irrigated  with  the  discharge  of  such  sew- 
ers as  have  a  rapid  and  continuous  flow,  and  thereby  deliver  all  they  receive  before  it  has  had  time  to  undergo  decom- 
position. There  is  no  evidence  that  typhoid  fever  is  caused  by  the  contained  air  of  thoroughly  ventilated  soil  pipes. 
The  most  active  professional  enemies  of  the  earth-closet  system  have  never  adduced  an  instance  where  typhoid 
fever,  or  any  other  cognate  disease,  has  followed  its  well-regulated  use.  In  the  Lancet  of  March  6,  1869,  Professor 
RoUeston,  setting  forth  his  objections  to  the  earth-closet,  said  :  "  If  I  am  told  that  the  earth-closet  is  inoffensive  and 
that  the  privy  is  foetid  ;  I  answer  that  a  rattlesnake  is  none  the  less  dangerous  because  its  rattle  is  removed  ;  and  that, 
for  anything  shown  or  known  to  the  contrary,  odor  is  to  infection,  deodorization  to  disinfection,  what  the  noise  of  ihe 
serpent  is  to  its  bite."  It  is  nine  years  since  this  was  written,  and  amid  all  the  voluminous  reports  upon  the  dry-earth 
system  there  is  no  word  to  sustain  Dr.  Rolleston's  fears.  On  the  other  hand,  together  with  much  else  of  similar  pur- 
port, the  evidence  of  Dr.  Mouat  reports  that  in  those  jails  of  India  where  the  earth  system  is  used,  even  at  the  time  of 
the  most  serious  cholera  epidemics,  this  disease,  which  is  so  like  typhoid  in  its  mode  of  transmission,  never  gains  a 
foothold.  One  would  almost  be  justified  in  replying  to  Professor  Rolleston  that  it  is  not  a  question  of  removing  the 
rattle,  but  of  killing  the  snake.  Investigations  made  to  determine  the  manurial  value  of  closet-earth  used  many  times 
over  indicate  a  total  and  absolute  destruction  not  only  of  the  odor,  but  of  the  whole  combustible  material  of  the  added 
faeces.      The  result  h  is  shown  as  complete  destruction  as  would  attend  burning  in  a  furnace. 

This  destructive  oxidation  depends  upon  the  well-known  concentration  upon  the  surfaces  of  the  interior 
particles  of  aerated  porous  substances.  The  intensity  of  the  action  is  in  proportion  to  the  fineness  of  the 
material,  or,  in  other  words,  to  the  tntal  area  of  its  interior  surfaces. 

It  is  perhaps  not  sife  to  assume  that,  in  dealing  with  such  dangerous  material  as  typhoid  excreta,  treat- 
ment with  dry  earth,  or  ashes,  or  charcoal  will  suffice  to  render  it  harmless;  but  it  will  be  more  effective  in 
this  direction  than  anything  else  of  which  we  have  knowledge,  and  will  at  least  prepare  it  for  safe  removal. 

The  physician  in  considering  the  treatment  of  the  material  in  question  has  one  of  two  sets  of  conditions  to 
deal  with.  The  fsecal  wastes  of  the  household  which  he  is  attending  are  either  remo\ed  by  water-carriage  or  are 
thrown  into  privy-vaults.  If  by  water-carriage,  they  are  delivered  into  a  public  sewer  or  into  a  cesspool. 
Sewers,  as  they  usually  exist,  and  cessjiools  always  and  invariably,  are  so  circumstanced  as  to  favor  the  thorough 
development    and    multiplication  of    the    morbific    material    under  consideration.     Unfortunately,  sewers  and  cess- 
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pools  are  so  connected  with  the  interiors  of  houses,  with  others  as  well  as  with  that  where  the  disease  originated, 
as  to  make  them  too  often  the  means  for  converting  a  sporadic  case  into  a  centre  of  infection.  Even  the  house- 
drains  and  soil-pipes  through  which  the  excrement  passes  on  its  way  to  the  cesspool  or  sewer  are  very  generally 
as  bad  as  these  final  receptacles  themselves,  while  almost  always  the  only  barrier  to  the  free  return  of  their  air 
and  its  jsoisonous  freight  into  our  very  living-rooms  is  the  water  retained  by  a  depression  in  the  pipe  (the  trap), 
which  water  constantly  absorbs    and  transmits  the  gases  presented  to  it. 

\V']iere  these  water-barriers  are  sujiplemented  with  one  of  the  many  mechanical  check-valves  recently  intro- 
duced, this  means  for  the  return  of  the  infection  is  shut  off.  Where  the  soil-pipe  and  drain  are  freely  open  at 
both  ends  for  the  transmission  of  a  current  of  atmospheric  air,  the  danger  of  the  development  of  the  poison  is 
greatly  reduced,  if  not  entirely  removed.  But  even  here,  although  we  may  feel  secure  so  far  as  the  immediate 
household  in  question  is  concerned,  it  is  to  be  remembered  that,  at  least  in  the  case  of  a  public  sewer  and 
of  a  cesspool  common  to  several  houses,  tlie  matter  deposited  may  produce  its  injurious  effect  in  other  families 
which  are  less  well  protected  against  it.  Even  where  the  cesspool  is  connected  with  one  house  only,  to  permit  the 
specific  poison  of  typhoid  fever  to  enter  it  and  to  spread  itself  through  its  accumulated  filth  is  to  incur  a  danger  akin 
to  that  of  establishing  a  gunpowder-vault  in  one's  back  yard. 

When  infected  faeces  are  to  be  thrown  into  a  water-closet  or  drain  they  should  at  least  be  treated  with  the 
strongest  and  most  destructive  chemical  disinfectants,  carbolic  acid  being  by  no  means  sufficiently  so. 

When  the  faeces  of  the  household  are  received  in  a  privy-vault,  it  must  be  accepted  as  an  imperative  rule  that 
typhoid  dejections  must  never,  under  any  circumstances,  find  access  to  this.  Abundant  and  conclusive  evidence 
shows  that  such  accumulations  of  freces  only  await  the  introduction  of  the  least  germ  of  any  diarrhoea!  disease  to 
become,  by  means  of  their  exhalations  and  of  their  pollutions  of  the  soil,  active  agencies  of  development. 

Even  when  the  earth-closet  system  is  employed,  none  of  the  regular  apparatus  should  be  used  by  the  patient,  or 
become  the  receptacle  of  his  dejections;  this  for  the  simple  reason  that  it  should  be  our  first  object  to  secure  the 
most  complete  isolation  of  the  tainted  matter  from  every  substance  which  might  foster  the  increase  of  its  tainting 
element. 

It  would  be  better,  perhaps,  to  stop  with  this  general  statement  of  principles,  leaving  each  practitioner  to  apply 
them  according  to  his  judgment;  but  one  is. tempted  to  recommend  wliat  one  believes  to  be  the  most  efficient  process, 
and  I  therefore  take  the  liberty  of  suggesting  that  a  chamber  or  bed-pan,  filled  to  the  depth  of  an  inch  with  dry  earth, 
or  with  sifted  anthracite  ashes,  or  with  powdered  charcosl,  be  used  to  receive  the  evacuation  ;  that  this  be  im- 
mediately covered  with  a  further  inch  in  depth  of  dry  material,  and  that  the  whole  be  turned  int'i  2.  sIiallo7v  hole  in 
the  ground  and  covered  with  earth  not  more  than  two  inches  deep,  so  that  it  may  go  through  with  its  decomposi- 
tion in  tlie  upper  soil  within  easy  reach  of  the  oxidizing  air.  If  to  be  removed  quite  away  from  the  premises,  the 
earth  containing  the  dejections  may  be  tjirown  into  a  barrel  or  box,  each  deposit  being  covered  with  fresh  earth,  and 
carefully  proti^cted  agaii/sl  rain. 

It  would  be  out  of  place  here  to  enter  into  all  the  details  of  the  hygienic  law.  In  a  paper  written  for  the  pro- 
fession this  wiiuld  be,  too,  a  work  of  supererogation.  At  the  same  time  it  may  be  advisable,  in  this  connection,  to 
refer  briefly  to  the  manner  in  which,  and  ihe  degree  to  which,  the  general  health  is  influenced  by  exhalations  from 
decomposing  organic  matters  in  sewers,  house-drains,  vaults,  cesspools,  and  cellars.  It  must  have  been  the  frequent 
experience  of  all  physicians  that  every  question  as  to  the  tainting  of  the  air  of  a  house  from  these  sources  is  met  by 
the  assertion  that  no  bad  smell  has  ever  been  perceived.  In  the  first  place,  the  accustomed  nosiril  is  dull  to  detect  a 
constant  odor,  and  in  the  next  it  is  hard  to  make  people  believe  that,  where  they  can  smell  no  offence,  there  still  may 
be  danger.  We  ourselves  know  that  the  juices  of  the  cadaver  are  most  fatally  dangerous  before  offensive  decomposi- 
tion has  set  in.  Those  who  have  given  attention  to  the  influence  of  drain-air  in  causing  disease  know  very  well  that 
the  action  of  this  upon  the  health  bears  no  relation  to  the  intensity  of  its  accompanying  odors. 

The  only  safety  is  to  be  sought  in  the  absolute  freedom  of  the  air  that  is  breathed,  and  of  the  water  that  is  drunk, 
from  every  species  of  contamination  due  eithi  r  directly  or  indirectly  to  organic  decomiiosition.  A  little  rift  in  the 
waste-pipe  of  a  wash-basin,  so  slight  as  to  be  detected  only  by  the  application  of  tissue-paper,  has  kept  a  whole  family 
miserable  and  complaining,  and  susceptible  to  every  species  of  contagion,  for  years  together.  Decaying  vegetables  in 
a  cellar,  and  decaying  filth  in  the  waste-pipe  of  a  kitchen-sink,  may  be  regarded  as  the  bane  of  the  existence  of  half 
the  women  in  America.  Those  more  serious  defects  which  come  of  ignorantly  arranged  plumbing  work — by  no  mean's 
of  good  plumbing  work,  which  is  the  sanitarian's  best  aid — are  responsible  not  only  for  most  of  the  zymotic  diseases 
appearing  in  the  better  class  of  houses,  but  in  like  degree  for  the  generally  ailing  condition  of  so  many  of  those  who 
pass  most  of  their  days  and  nights  in  these  houses. 

The  regulation  of  all  these  helps  to  health  fulness  is  a  matter  of  detail  which  may  well  engage  the  best  attention  of 
the  profession.  Even  the  cataloguing  and  classification  of  the  subject  here  would  be  impossible.  The  fundamental 
principle  should  always  be  borne  in  mind  that  neither  in  a  sewer,  nor  in  a  cesspool,  nor  in  a  house-drain,  nor  in  a  soil- 
pipe,  nor  in  the  sm  llest  waste-pipe  should  decomposition  be  allowed  to  proceed  without  such  an  abundant  presence  of 
fresh  air  as  will  secure  its  most  rapid  and  complete  progress.  The  same  condition  of  obstructed  decomposition  which 
fosters  the  development  of  infecting  agencies  is  ]3recisely  that  which  leads  to  a  generally  unwholesome  and  debili- 
tating atmosphere.  All  investigation  of  this  suliject,  and  all  discussion  of  the  modus  operandi  by  which  unwhole- 
some influences  lead  to  the  spread  of  epidemic  diseases  and  to  the  lowering  of  the  general  health,  bring  us  at  the 
end  to  a  firm  belief  in  the  principle  covered  by  Hippocrates'  prescription,  which  cannot  be  too  often  repeated  :  Pure 
Air,  Pure  Water,  and  a  Pure  Soil. 


APPENDIX  C. 

WAKING'S   SYSTEM  OF  SEWERAGE. 

I  HAVE  endeavored,  in  the  course  of  the  foregoing  work,  to  give  as  little  prominence  as  possible  to  my 
own  relation  to  the  separate  system  of  sewerage.  The  following  is  to  lie  regarded  as  of  a  more 
especially  personal  character. 

Up  to  the  time  of  the  reading  of  my  paper  before  the  American  Public  Health  Association  at  Nashville, 
tlie  only  recommendations  of  which  I  have  been  able  to  obtain  information  for  the  entire  exclusion  of  rain- 
water from  sewers  were  those  of  Walton-on-Thames,  where  such  exclusion  was  recommended  by  the  engineer, 
Mr.  Peregrine  Birch,  and  a  similar  recommendation  made  by  the  younger  Lindley,  of  Frankfort,  for  a  small 
town  in  Germany.  The  German  work,  I  believe,  was  not  done  at  all,  and  at  Walton-on-Thames  roof-water 
was  admitted. 

In  like  manner,  the  use  of  automatic  flush-tanks  in  connection  with  stwers  had  been  extremely  rare  ;  only 
in  a  few  cases  in  England  had  they  been  used  to  overcome  special  difficulties  in  connection  with  a  main 
sewer  of  low  gradient.  .At  Aylesbury  a  large  tank  placed  in  the  course  of  a  large  sewer  accumulated  sewage 
and  discharged  it  through  a  large  siphon  for  the  flushing  of  the  line  below.  In  another  town  a  long,  flat 
main  sewer  was  flushed  by  water  t.iken  through  a  small  pipe  from  a  mill-pond  to  feed  a  large  flush-tank. 
When  I  undertook  the  sewerage  of  Cumberland  Mills,  Me.,  Field's  fiush-t.nk  had  been  used  lo  some  extent 
in  connection  with  individual  houses,  both  for  the  flubhing  of  their  drains  and  for  the  distribution  of  sewage 
over  land.  It  had  earlier  been  used  for  the  latter  purpose  in  England.  I  had  used  a  Field's  tank  in 
connection  with  my  own  house-drainage,  and  found  it  satisfactory  ;  and  on  my  recommendation  a  similar  use 
had  been  made  of  it  in  a  number  of  other  cases  here.  At  Cumberland  Mills  I  constructed  a  flush-tank  in 
connection  with  the  two  uppermost  houses  connected  with  each  branch  of  the  sewers.  These  tanks  receive  the 
sewage  of  the  houses  and  the  rain-water  of  the  roofs.     They  are,  I  believe,  still  in  operation. 

My  Nashville  paper  led  to  the  sewerage  of  Memphis  by  the  system  therein  described.  Later,  I  secured 
a  patent  for  the  system,  covering  many  novel  details  that  were  then  supposed  to  be  necessary  to  its  jierfect 
working  (January  i8,  1881).  June  5,  1883,  I  received  another  patent  for  a  system  involving  some  of  these 
details,  but  capable  of  more  general  application  and  better  suited  to  the  work  to  be  done.  These  patents  were 
assigned  to  Drainage  Construction  Company,  in  which  I  am  interested,  and  whatever  I  may  say  in  favor  of 
the  system  is  to  be  considered  in  the  light  of  such  interest.  It  may  be  projjer  for  me  to  s;ty  that  I  have  not 
thereby  been  led  to  recommend  the  adoption  of  this  system  where  I  thought  the  end  could  be  better  or  more 
cheaply  attained  by  other  meins.  Up  to  the  time  of  the  Memphis  work,  so  far  as  I  know,  the  only  applications 
of  the  partially  separate  system,  so  largely  used  in  England,  that  had  ever  been  made  in  this  country  were 
made  under  my  directi-.n  at  Cumberland  Mills,  Me.,  and  at  Lenox,  Mass. 

Our  engineers  were  almost  universally  favorable  to  the  combined  system,  and,  under  the  leadership  of 
Craven,  Chesbrough,  Adams,  and  Shedd,  they  had  carried  that  system  to  a  high  degree  of  perfection  and  had 
secured  excellent  results.  It  is  not  necessary  here  to  do  more  than  to  refer  to  the  discussion  in  the  previous 
pages  concerning  the  relative  advantages  of  the  combined  and  separate  systems.  The  theoretical  discussion 
had  been  carried  on  for  years.  The  separate  system  was  described,  and  its  advantages  set  forth,  in  my 
"Draining  for  Profit  and  Health"  (1867).     In  my  "Sanitary  Drainage  of  Houses  and  Towns  "  (1876)    I  said  : 

"  In  what  has  been  said  concerning  the  carrying  away  of  the  w-ater  of  excessive  floods  to  a  separate  point 
of  outlet,  giving  a  more  remote  or  more  artificial  outflow  to  the  regular  sewage  of  the   town,  I   am  not   to   be  under- 
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Stood  as  endorsing  all  tliat  its  advocates  claim  for  what  tliey  call  '  The  Separate  System,'  which  is  (theoreti- 
cally) the  carrying  of  all  rainfall  and  all  surface-water  away  by  one  outlet,  and  the  carrying  of  the  foul  sew- 
age (house-waste,  etc.)  through  the  regular  system  of  pipes,  delivering  it  in  a  concentrated  form  for  agricul- 
tural   use. 

"Whatever  advantage  may  arise  to  the  farmer  from  the  fact  that  he  receives  his  liquid  manure  in  a  more 
concentrated  form,  and  that  it  comes  to  him  in  a  regular  daily  quantity  which  he  may  mcjre  readily  arrange  to 
use,  there  would  be  a  more  than  corresponding  disadvantage  to  the  jjublic  in  the  fact  that  the  house-waste 
alone  is  not  sufficient,  save  perhaps  where  the  grades  are  very  steep,  to  keep  the  sewers  clean.  Under  ordi- 
nary circumstances,  an  attempt  to  make  this  disp  sition  of  the  sewage  matters  of  a  town  would  undoubtedly 
result  in  the  necessity  for  much  artificial  flushing  and  cleansing,  and  to  the  danger  of  the  frequent  stoppage  of 
smaller   pipes  and  house-drains. 

"  To  keep  all  rainfall  out  of  the  public  sewers  is  objectionable  for  more  reasons  than  one,  for  no  artifi- 
cial flushing  which  can  be  depended  on  in  practice  can  be  so  efficient  in  cleansing  the  sewers  as  the  fr  quent 
introduction  of  a  sufficient  amount  of  rain-water.  On  the  other  hand,  where  it  is  practicable  to  do  so,  the 
removal  of  the  surface-water  of  excessive  stornjs  by  some  channel  entirely  separate  from  the  general  system  of 
sewerage  has  the  great  advantage  of  economy,  while  it  often  enables  us  to  secure,  within  a  reasonable  cost, 
the  more   distant   removal  of   the   foul   sewage." 

In  the  second  edition    (1879)   I   qualified  this  statement   by  the   following  foot-note  : 
"By    the    use   of   Field's    flushing-tank    it    is    no    longer    necessary    to   rely    on    rainfall    for    this  work." 
The  complete  exclusion    of  rain-water  and    regular   automatic   flushing    had   not   yet   been   formulated. 
I  have,  thus  far,  ample  reason  to  be  satisfied  with  the  results  of  my  earlier  work  in  the  direction  of  complete 
separation.     The  restriction  of    sizes,  the  consequent  economy  of   construction,  the  perfect  command    of    flushing 
and  ventilating  facilities,  and  the  smooth,  even,  and  uniform  working  of    the  whole  system  were  early  appreciated, 
and  the  public  expression  of  professional  favor  which  had  been  denied    to  the  partially  separate  system  of    Eng- 
land was  very  soon  accorded  to  my  improvement. 

Shortly  after  the  first  section  of  the  Memphis  work  was  completed  Mr.  F.  S.  Odell,  who  had  there  been 
an  assistant  engineer,  read  a  paper  on  the  subject  before  the  American  Society  of  Civil  Engineers,  from  which 
the  following  is  extracted  : 

"After  nearly  half  a  century  of  indifference  to  that  virtue  which  ranks  next  to  godliness,  and  almost  utter 
disregard  of  the  simplest  sanitary  laws,  it  became  apparent,  after  the  deplorable  epidemics  of  1878  and  1879,  that 
some  radical  reformation  must  be  accomplished  in  the  sanitary  condition  of  Memphis;  acting  on  this  convic- 
tion :ind  the  recommendation  of  the  National  Board  of  Health,  her  representative  men  determined  upon  the 
accomplishment   of  a  sanitary  revolution   for   their   town. 

"During  the  di-cussions  that  ensued  pending  the  approval  and  adoption  of  some  practical  plan  for  the 
sewerage  of  Memphis,  the  commission  sought  the  counsel  of  Mr.  Geo.  E.  Waring,  Jr.,  Sanitary  Engineer  of 
Newport,  R.  I.,  who  boldly  advocated  the  adoption  of  a  system  of  sewerage  hitherto  untried  on  an  extensive 
scale  in  this  country. 

"This  system  possesses  the  distinctive  feature  of  employing  the  sewers  for  the  single  purpose  of  conveying 
sewage  and  rigidly  excluding  all  surface  and  subsoil  drainage,  the  amount  of  water  necessary  to  furnish  con- 
veyance for  such   solid  matter  as  enters  the  sewers  being  introduced   from   another  source. 

"  For  the  application  of  this  system  to  Memphis  Mr.  Waring  recommended  the  construction  of  small  sewers 
without  man-holes  or  receiving-basins,  and  the  placing  of  a  flush-tank  of  112  gallons  capacity  at  the  head  of 
every   branch,  the  limitation  of  the   size  of  house-drains  to   four  inches,   and  the   exclusion  of  all  rain-water. 

"  The  estimated  cost  of  this  system  was  only  about  one-tenth  of  that  of  a  complete  storm-water  system 
as  ordinarily  constructed. 

"  This  fact,  perhaps,  carried  greater  persu;isive  force  than  either  the  logic  or  eloquence  of  Mr.  Waring, 
and  after  prolonged  discussion  that  developed  much  bitter  opposition  a  favorable  endorsement  of  this 
system  was  secured,  and  its  adoption  urged  by  the  commission.  A  petition  for  authority  to  raise  $228,500 
was  granted  by  the  State  Legislature,  to  cover  not  only  the  cost  of  a  sewerage  system,  but  also  other  sanitary 
work  ;  the  laying  of  about  forty  miles  of  subsoil  drainage,  and  also  the  reclamation  of  the  bayou  by  shutting 
out  the  high  water  of  the  Mississippi  by  means  of  a  dam  with  proper  valves,  and  a  steam-pump  to  pump  out 
ihe  bayou  during  high  water.  Even  after  the  recommendation  of  the  citizen's  commission  and  its  acceptance 
by  the  Legislative  council,  so  great  was  the  force  of  general  prejudice  against  its  adojition  that  much  tune  was 
lost  and  construction  was  delayed  until  the  21st  of  January,   1880,  when  work  was  actually  begun. 

"The  work  was  done  under  the  immediate  direction  of  Mr.  E.  C.  Metcalf,  engineer  in  charge,  Mr.  Geo. 
E.  Waring,  Jr.,  being  consulting  engineer.  The  writer  arrived  at  Memphis  February  20,  1880,  and,  after  a 
few  weeks  spent  in  locating,  assumed  charge  of  the  construction  of  a  section  as  assistant  engineer. 
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"The  work  was  carried  on  until  August,  but  comparatively  little  was  done  after  the  middle  of  June.  When 
the  writer  left  (June  lo)  about  twent)'  miles  of  sewers  had  been  laid,  and  so  much  was  in  successful  operation, 
and  tiie  practicability  of  the  system  fully  demonstrated. 

"The  advantage  of  this  system  over  the  ordinary  system  of  large  sewers  is  two-fold.  It  is  cleaner  and 
cheaper — cleaner  because  the  pipes  are  kept  constantly  flushed  and  thoroughly  ventilated  ;  cheaper,  because 
there  is  a  vast  difference  between  the  cost  of  a  large  brick  sewer,  with  its  man-holes  and  receiving-basins,  and 
a  small  pipe-sewer,  with  its  simple  fre^h-air  inlets.  The  difference  is  very  apparent  when  it  is  considered  that 
the  total  cost  of  twenty  miles  of  sewers  in  Memphis,  for  labor,  nuterials,  engineerinL;,  superintending,  and 
incidentals,  including  the  two  main  sewers,  was  about  $137,000. 

"  With  the  results  already  achieved  by  this  small-pipe  system  of  sewerage,  it  seems  safe  to  predict  that 
a  new  era  has  been  inaugurated,  and  that  the  coming  years  will  witness  great  modifications  in  the  prevailing 
methods  of  sewerage." 

Mr.  Odell's  paper  included  a  complete  description  of  the  character  and  arrangement  of  the  work,  and  of 
the  details  of  its  local  application. 

Its  reading  was  followed  by  a  long  and  interesting  discussion.  The  objections  to  the  Memphis  work 
were  such  as  would  be  advanced  against  any  system  of  separate  sewerage,  and  are  substantially  set  forth  in 
the  comments  of  Mr.  Clarke  and  Mr.  Williams  in  the  third  chapter  of  this  book.  Strenuous  objections  were 
also  made  to  the  absence  of  man-holes  on  the  lateral  sewers  in  Memphis.  The  opinion  was  expressed  that  a 
system  of  sewers  without  man  holes  could  not  be  operated  smoothly  for  any  length  of  time. 

In  discussing  the  construction  and  practical  operation  of  flush-tanks  Mr.  Croes  said  : 

"It    is    an    open    question,  which   the    short    experience  had   at    Memphis   has    not  yet   decided,    whether   a 

delicate  mechanical    contrivance    like    this   can    be    depended  upon    to   work    automatically   for   a   long   time,    and 

whether  the  cost   of  inspection  and  maintenance  of   a  great  number  of   them   will    be   less  than    the    interest    on 
a  larger  investment  which  it  costs  less  to  maintain." 

He  said  that  the  Memphis  sewers  were  constructed,  as  is  evident  from  Mr.  Odell's  paper,  with  great  care 
under  the  immediate  supervision  of  intelligent  engineers. 

"  The  system  was  on  trial,  and  the  work  was  executed  with  the  exactness  of  a  sample-work.  Its  successful 
working  during  the  six  months  of  its  existence  has  made  it  a  good  advertisement  of  the  system,  not  intending 
the  word  advertisement  in  an  offensive  sense." 

"  Some  of  the  details  of  the  Memphis  work,  as  reported,  must  be  considered  as  of  doubtful  value.  Mr. 
Philbrick  has  alluded  to  the  absence  of  any  ])rovision  for  examining  the  pipes  and  removing  possible  obstruc- 
tions without  digging  up  the  street  and  breaking  the  sewer.  Whether  the  saving  of  first  cost  in  this  manner 
will  prove  an  economy  is  yet  to  be  demonstrated,  and  ex])erience  alone  will  show.  It  is  one  of  those  questions 
which  cannot  be  reasoned  out,  and  the  experience  of  Memphis  will  be  of  great  value  in  its  solution." 

Much   attention   was  given  to   the  danger  of   the  obstructions  of  these  small   sewers   by  kitchen-grease,  which 
it  was  thought  would  be  a  serious  source  of  difficulty. 
Ml".  John   Bogart  said  : 

"  The  criticisms  we  have  heard  to-day  upon  the  ])lan  of  sewerage  which  so  far  has  been  in  successful  operation  at 
Memphis  have  been  severe,  but  this  criticism  will  be  advantageous  in  developing  what  good  there  may  be  in  it,  if  any 
exists.  I  do  not  understand  that  the  system  described  was  adopted  for  Memphis  without  deliberation.  In  fact,  I  un- 
derstand that  it  was  adopted  upon  the  recommendation  of  engineers  who  had  given  the  matter  very  |)articular  con- 
sideration, and  who  decided  to  recommend  this  system  after  a  careful  comparison  of  the  |)laii  proposed  under  it,  with 
other  plans  for  the  sewerage  of  that  city  drawn  up  with  j)rovisions  for  taking  storm-water.  Of  course,  the  element  of 
expens.'  was  serious,  and  I  believe  that  it  was  deemed  impossible  to  r.iise  in  that  city  enough  money  at  that  time  to 
pay  for  the  proposed  storm-water  sewerage.  If  this  system  that  has  been  adopted  does  not  work  at  all  as  has  been 
prophesied,  or  only  works  for  a  short  time,  the  fact  that  it  is  cheap  will  not  make  it  economical  ;  but  if  it  does  work 
for  a  few  years,  and  even  if  after  that  time  it  does  require  additions,  as,  for  instance,  man-holes,  the  beneficial  results 
to  the  health  of  that  city  will  doubtless  be  enormous.  The  fact  is  that  a  system  of  sewerage  has  been  put  in  at  Mem- 
phis which  Memphis  was  able  to  i)ay  for,  and  I  understand  that  without  some  system  of  sewerage  there  was  a  prob- 
ability that  the  city  would  have  to  be  abandoned  as  a  place  of  residence." 

Later  in  the  discussion  Mr.  Croes  said  : 

"I  do  not  understand  that  the  entire  separation  of  sewage  and  storm-water  which  Mr.  Waring  advocates,  and 
whi(  h  lias  been  carried  out  at  Memphis  and  recommended  for  Newport,  Stamford,  and  other  places,  has  lieen  practised 
anywhere  in  England.  In  what  is  there  called  the  'separate  system'  the  rain-water  from  roofs  and  back-yards  is 
allowed  to  enter  the  sewer,  but  the  street-wash  is  excluded. 
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"The  Memphis  work  is  attracting  as  much  attention  there  as  it  does  in  this  country,  and  the  results  of  a  con- 
tinued trial  of  it  are  looked  for  with  great  interest. 

"The  omission  of  man-holes  does  not  seem  to  be  a  part  of  the  'system.'  In  this  case  it  was  an  expedient 
adopted  to  reduce  the  first  cost  to  the  lowest  possible  point  in  order  to  enable  anything  at  all  to  be  done-" 

In  closing  the  discussion  I  submitted  the  following  points  : 

_  "  I  have  been  much  interested  by  Mr.  Odell's  paper,  and  by  the  discussion  to  which  it  has  given  occasion  among 
engineers,  with  whose  study  and  practice  the  system  described  is  so  much  at  variance.  The  subject  has,  naturally, 
been  approached  from  the  side  of  constructive  engineering.  The  traditions  of  the  profession  have  been  formulated 
with  the  prime  view  of  getting  rid  of  water.  The  prime  object  in  the  new  method  is  to  get  rid  of  filth,  or  of  what 
would  become  filth,  if  not  removed  before  decomposition,  and  of  resultant  'sewer-gas,' 

"  Mr.  Odell's  jjaper  is  substantially  correct.  The  commission,  however,  did  not  seek  my  counsel.  I  was  one 
of  its  original  members,  and  my  suggestions  were  unanimously  accepted  after  an  exhaustive  argument  in  favor  of  the 
plan  proposed  by  Messrs.  Hermany  and  Chesborough,  the  former  being  present  and  taking  an  active  part  in  ihe  dis- 
cussions. 

"In  wJiat  I  have  to  say  I  shall  consider  the  paper  and  the  comments  it  has  called  forth,  as  a  whole,  and  shall 
meet  the  criticisms  advanced  as  completely  as  I  may. 

"  I  have  not  ignored  the  storm-water  question.  I  fully  recognize  its  importance,  and  maintain  only  that  it  should 
be  treated  as  a  separate  subject,  chiefly  as  a  purely  physical  subject,  and  that  the  manner  of  treating  it  should  be  such 
as  to  call  for  the  least  outlay,  such  as  to  secure  cleansing  action  at  the  surface  so  far  as  practicable,  and  especially 
such  as  not  to  interfere  with  the  more  vitally  important  work  of  removing  the  wastes  of  human  life. 

"The  sanitary  consideration  should  ht,  facile  priiiceps,  the  controlling  consideration.  To  this  opinion  the  civil- 
ized world  is,  I  think,  fast  coming. 

"There  are  special  cases  where  the  conformation  of  the  surface,  as  in  Brooklyn  and  in  St.  Louis,  but  by  no  means 
generally  even  in  large  cities,  calls  for  special  means  for  the  underground  removal  of  storm-water.  There  are  many 
other  cases  where,  from  mere  accumulation,  the  flow  becomes  too  great  to  be  allowed  to  remain  above  ground.  But, 
however  frequent,  these  cases  are  far  from  being  universal.  Where  they  exist  very  shallow  sewers  would  be  as  effective 
as  deep  ones,  and  no  sewers  are  needed  (for  the  removal  of  storm-water)  save  to  relieve  basins  or  to  remove  too  great 
accumulated  flow.  In  favor  of  keeping  rain-water  on  the  surface  as  long  as  possible  there  are  many  arguments,  not 
the  least  being  that  we  thereby  retard  its  discharge  and  may  restrict  the  mains  to  sizes  which  would  be  quite  in- 
adecpiate  if  the  whole  rain-fall  were  delivered  by  conduits  of  great  velocity  {jide  Saratoga  Springs). 

"  To  say  that  'this  system  requires  the  construction  of  one  set  of  sewers  to  t;ike  the  house-drainage,  another  for 
the  subsoil-drainage,  and  still  another  for  surface-water  '  is  not  strictly  aci  urate.  It  requires  one  complete  set  of 
sewers  for  house-drainage,  draining-tiles  in  the  springy  parts  of  the  soil  (laid  in  the  sewer  trenches),  and  occasional 
sub-surface  channels  for  the  removal  of  accumulations  of  storm-water. 

"The  Memphis  system  is  an  entirely  new  system.  None  of  the  so-called  'separate'  sewers  in  England  resemble 
it  except  in  the  exclusion  of  street-water.  They  admit  roof-water  and  yard-water.  They  have  no  provision  for  peri- 
odical automatic  flushing  ;  none  for  the  restriction  of  the  size  of  the  house  connection,  to  prevent  the  passage  of 
bulky  objects  ;  none  for  complete  and  systematic  ventilation,  and  none  for  the  exclusion  of  joint  mortar,  which  is  a 
frequent  source  of  obstruction.  Then  again  the  pipes  used  in  the  English  examples  referred  to  are  generally  much 
larger  than  those  used  in  Memphis.  Therefore,  the  supposed  need  for  man-holes  is  not  iircessanly  applicable  here. 
Perhaps,  too,  it  would  be  instructive  to  know  to  what  extent  the  man-holes  are  used  in  England  or  here,  either  for 
inspection  or  for  cleansing. 

"The  sewers  of  Lenox,  constructed  in  1876  (all  six-inch)  have  a  few  man-holes.  The  only  use  ever  madeof  these 
is  for  a  very  infrequent  hand-flushing.  There  are  no  flush-tanks  there,  but  roof-water  is  admitted  to  the  heads  of  the 
sewers  from  adjacent  large  buildings.     (Since  changed.)     The  Lenox  sewers  are  free  and  clean. 

Some  rubbish  will,  of  course,  get  into  the  sewers  and  somi-  obstructions  will  occur,  but  scrubbing-brushes  will 
generally  be  retained  in  traps,  and  not  much  will  pass  the  four-inch  house-diains  whxh  will  stick  in  the  six-inch  sew- 
ers. Most  of  the  rubbish  spoken  of  as  fnund  in  sewers  gets  to  them  through  street  catch-basins,  and  in  Memphis  there 
are  no  such  basins. 

"The  discussion  of  the  'grease'  question  seems  to  have  answered  itself.  The  greatest  distance  mentioned  at 
which  grease  was  found  was  (Mr.  Philbrick)  6  feet  from  the  sink  waste.  Mr.  Cartwright  found  it  for  two  lengths  of 
pipe  (4  feet).  At  a  distance  of  15  feet  the  drain  was  clear.  If  householders  are  careless  about  their  grease,  it  is  their 
own  drains,  not  the  sewers,  which  will  suffer.  The  grease  found  in  the  Seine  did  not  adhere  to  the  walls  of  the  sew- 
ers.    It  was  what  had  been  washed  out  of  the  drains  in  a  condition  to  be  carried  forward  by  the  flow. 

"  In  closing,  I  beg  to  say  that  the  adoplion  fif  the  general  ])rin(  i]iles  of  the  Memjihis  sewerage  and  the  regulation 
of  its  details  — and,  I  trust,  I  shall  not  be  accused  of  immodesty  in  saying  it — has  been  no  haji-liazard,  ill-considered 
work.  To  the  best  of  my  ability,  I  have,  during  the  past  twenty-five  years  or  more,  studied  with  great  care  what  has 
been  said  and  done  and  written  on  the  subject  of  town  and  agricultural  drainage  in  this  country  and  in  Europe.  I 
have  considered,  so  far  as  my  opjiortunities  and  my  abilities  have  enabled  me  to  do  so,  all  conditions  to  be  met,  and 
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all  elements  of  the  art.  Drainage  has  been  my  specialty  from  the  outset,  and  I  think  I  may  claim  such  confidence  as 
is  due  to  a  man  of  common  intelligence,  who  has  made  a  careful,  life-long  study  of  a  single  branch  of  engineering. 

"  I  submit  to  the  world,  as  the  best  work  of  which  I  am  capable,  this  system  of  sewerage  now  in  operation  in 
Meuiphis.  That  it  is  by  any  means  perfect  in  its  details  I  do  not  pretfnd.  That  these  details  will  not  be  greatly 
improved  by  the  efforts  of  others,  it  would  be  fatuous  to  suppose.  Had  I-had  more  money  to  spend  in  Memphis, 
some  of  them  would  have  been  more  complete  than  they  are. 

"At  the  same  time,  I  am  convinced  that  the  main  features  of  that  system  are  strictly  correct;  that  they  afford 
the  only  relief  yet  devised  for  the  defects  of  the  prevailing  methods  of  town  sewerage,  these  methods  being  the  out- 
growth of  traditions  whicli  antedate  the  rudiments  of  sanitary  knowledge  ;  and  that  some  of  us  will  live  to  see 
the  day  when  the  Memphis  system  shall  have  supplanted  the  storm  water  system  as  completely  as  the  present 
developments  of  the  storm-water  sewer  has  supplanted  the  huge,  irregular  culverts  of  thirty  years  ago." 

hi  the  discussion  that  followed  a  description  of  the  Memphis  work,  read  before  the  Sanitary  Institute  of 
Great  Britain  at  Exeter,  Section  of  Engineering  and  Sanitary  Construction,  in  the  autumn  of  1880,  the  president, 
Mr.   Rawlinson,  gave  his  decided  adherence  to  the  separate  system.      He  said 

"  He  was  a  member  of  the  Army  Sanitary  Committee,  and,  as  they  knew,  great  works  were  contemplated  in  India, 
and  the  chief  thing  he  had  to  contend  with  there  was  the  desire  of  engineers  to  make  enormous  sewers  to  meet  the 
rainfall.  The  rainfall  in  India  at  times  was  thirty  inches  in  twenty-four  hours,  and  how  was  an  engineer  to  provide 
for  that?  If  he  made  railway-tunnels  for  drains  he  could  not  get  the  rainfall  in,  while  in  dry  weather  the  tunnel 
would  be  filled  with  foul  air,  and  thus  be  a  source  of  evil  to  the  city.  The  rainfall  must  be  allowed  to  flow  over  the 
surface.  If  this  caused  injury  to  the  surface  they  must  adopt  means  to  repair  the  injury,  but  they  should  not  make 
enormous  sewers  which,  in  dry  seasons,  would  be  areas  for  creating  the  very  evils  they  were  intended  to  cure.  He  had 
not  succeeded  in  getting  his  advice  followed  in  some  large  towns,  but  in  Bombay  they  had  decided  to  keep  out  the 
tropical  rains  from  the  drains  and  provide  surface  drains,  leaving  the  sewers  for  sewage  alone,  and  he,  therefore, 
hoped  soon  to  see  Bombay  an  e,\ample  to  other  cities.  They  were  told  by  one  of  our  present  great  eugineeis  that 
sewers  should  be  large  enough  for  men  to  get  into  to  clean  them  out.  Well,  all  he  could  say  was  that  the  legis- 
lature had  passed  a  law  to  ])revent  boys  going  up  chimneys,  and  he  hoped  a  law  would  be  passed  to  prevent  men  from 
going  into  sewers  to  clean  them  out.  He,  for  one,  would  not  have  the  blood  of  men  who  were  killed  in  this  work 
upon  him.  He  mentioned  instances  of  places  sewered  on  the  principle  laid  down  in  the  [taper  with  marked  success. 
He  moved  a  vote  of  thanks  to  Colonel  ^Varing. 

"Dr.  Richardson  asked  whether  such  a  plan  as  that  which  he  had  just  suggested  could  not  be  adopted  in  the  im- 
mense sewers  of  London. 

"The  president  said  that  London  was  sewered,  and  all  the  eloquence  of  an  archangel  would  not  avail  to  effect  an 
improvement.  Belgravia,  the  most  fashionable  part  of  London,  notwithstanding  the  great  expenditure  on  it,  was  sub- 
ject to  flooding  in  the  basements  from  the  sewer<s,  and  was  the  foulest  part  of  all  London.  The  sewers  contained 
deposits  and  were  charged  with  sewer-gas.  In  the  government  buildings  in  Whitehall,  when  people  came  to  reply  to 
the  department's  orders,  they  complained  that  they  could  sniff  the  sewer-gas  as  they  came  along  the  passage,  and  ad- 
vised him  to  set  his  own  house  in  order  before  ordering  localities  to  sewer.  Perhaps  he  was  not  wise  in  making  these 
remarks  ;  but  he  was  so  old,  and  had  got  so  independent,  that  if  he  got  a  '  wigging '  he  should  not  very  much  care." 

Mr.  Rogers  Field  said 

"  That  he  agreed  with  the  president  that  it  would  have  been  better  if  there  had  been  man-holes  on  the  sewers.  At 
the  same  time,  there  were  several  very  special  features  in  this  case  which  altogether  took  it  out  of  the  ordinary  category. 
Not  a  single  old  drain  or  street  gully  was  connected  with  the  sewers,  and  all  the  house-drains  were  strictly  limited 
to  four-inch  pipes,  so  that  nothing  could  get  into  the  sewers  that  could  not  pass  through  a  four-inch  pipe.  All  the  sur- 
face and  branch  sewers  were  automatically  flushed  every  day  by  the  discharge  of  the  flush-tanks.  The  ventilation  of 
the  sewers  was  effected  by  an  immense  number  of  ventilating-pipes,  one  of  these  being  carried  up  every  single  house. 
These  conditions  were  allo^^etlier  unprecedented,  and  they  could,  therefore,  hardly  judge  of  the  works  by  the  rules  appli- 
cable in  ordinary  cases.  Moreover,  the  works  had  to  be  carried  out  with  extraordinary  rapidity,  and  at  the  least  pos- 
sible cost,  in  consequence  of  the  impoverished  state  of  the  town." 

"The  president  in  his  concluding  remarks  stated  that  when  he  was  a  younger  man,  and  engaged  upon  designing 
works  of  sewerage,  he  had  not  the  advantage  of  the  self-acting  flush-tank  used  on  the  Memjihis  works,  otherwise  he 
should  certainly  have  availed  himself  of  it." 

The  sewers  of  Memphis  have  now  been  in  operation  for  eight  years.  Their  original  extent  has  been  more 
than  doubled.  That  they  have  been  successful  is  shown  not  only  by  their  increased  use  there,  but  by  the  ijuite 
remarkable  extension  of  the  use  of  the  system  throughout  the  country,  as  set  forth  on  a  later  page. 

EXPERIENCE    IN    PARIS. 

The  publication  of  a  description  of  the  Memphis  work  attracted  the  attention  of  Mr.  E.  Lavoinne,  then  chief- 
engineer  of  the  Department  of  Rouen.      He  wrote  a  paper*  describing  the  jirinciples  of  the  s\'slem,  in  uhirh  he  said  : 

"  It  will  be  observed  that  the  system  of  sewerage  here  set  forth  is  exactly  the  reverse  of  what  is  ordinarily 
practised   in   France,  where  the  principal  object  of  sewers  is  to  remove  storm-water,  and  where  they  are  made  large 


*  "  Asiaiii!ssi:iiiciit  Jc  Mfiiip/iis,  Tennessee  i&tals-  Ciiis)."  \ 
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enough  to  be  entered  by  workmen.     It   is  also  in   direct  communication  with   the   water-closets,  of  which  the  solid 
matters  are  generally  excluded  from  our  sewers. 

"  The- recommendations  of  Mr.  Waring,  breaking  away  from  the  systems  of  seweiage  in  use,  first  met  a  certain 
opposition  on  the  part  of  the  municipality  of  Memphis  ;  which,  however,  after  a  thorough  examination  of  the  (jues- 
tion,  ended  by  accepting  it  completely,  and  the  work  begun  last  January  is  to-day  approaching  completion. 

He  closed  his  paper  thus  : 

"  U'hile  understanding  that  municipal  bodies  should  hesiiate  to  undertake  a  general  transformation  which 
would  devolve  upon  them  expanses  and  responsibilities  which  now  fall  upon  the  owners  of  private  pro]jerty,  it  is 
nevertheless  desirable  that  trials  should  be  made  in  the  new  direction  indicated  by  Mr.  Waring.  Tiiese  trials 
would  not  be  costly  and  they  might  lead  to  the  solution  of  a  question  at  once  important  and  radical  and  of  the 
highest  interest  to  the  public  health." 

Mr.  Lavoinne  said,  privately,  that  the  sewerage  of  the  city  of  Memphis  had  solved  the  sewerage  problem 
of  Paris. 

Mr.  Alphand,  the  director  of  public  works  of  Paris,  was  determined  that  such  a  trial  should  be  made.  He 
found,  however,  anything  but  a  cordial  support  among  his  subordinates.  Mr.  Durand-Claye,  while  recognizing 
merit  in  the  system,  was  not  favorable  to  its  introduction,  being  a  pronounced  and  confirmed  combined-system 
man.  Mr.  Humblot,  who  was  at  the  head  of  the  sewerage  service,  was  determined  that  a  trial  should  not  be  made 
if  he  could  prevent  it.  However,  a  trial  was,  in  due  time,  ordered  and  an  appropriation  was  made  for  the  construc- 
tion of  sewers  in  the  quarter  known  as  '' Le  Marais."  The  sewer  occupied  a  portion  of  the  Rue  Vieille-du-Temple, 
Rue  des  Rosiers,  Rue  des  Hospitalieres-St.-Gervais,  Rue  des  Quatre-Fils,  and  Rue  des  Francs-Bourgeois.  The  mar- 
kets and  public  schools  were  connected  with  the  sewerage  at  the  time  of  construct  on. 

The  sewers  were  laid  in  large  existing  sewers  in  the  streets,  being  there  hung  upon  brackets  in  their  walls,  or  laid 
within  the  walls,  which  were  reconstructed  for  the  purpose,  a  requirement  which  added  enormously  to  the  cost  of  the 
work.     The  work  was  carried  out  by  Mr.  Pontzen,  who  published  an  illustrated  description  of  it  in  1884.* 

The  following  is  a  translation  of  Mr.  Pontzen's  "  Conclusions  "  : 

"The  first  application  of  sewerage  according  to  Waring's  system,  made  in  Paris  in  1883  in  a  quarter  where  all  of 
tlie  unfavorable  conditions  are  combined,  has  been  a  complete  success. 

"  The  establishments  drained  by  Waring's  system  leave  nothing  further  to  be  desired  in  a  sanitary  point  of  view, 
and  the  ensemble  of  the  drainage-works  has  not,  during  the  five  months  it  has  been  in  operation,  given  rise  to  the  least 
complaint.  The  water-closets  in  the  courtyards  are  no  longer  offensive,  and  their  presence  would  not  be  suspected, 
the  conduits  of  the  system  have  never  required  any  special  cleansing,  no  deposit  has  been  formed  in  the  collecting- 
sewer  in  the  Rue  de  Rivoli  at  the  mouth  of  the  main,  and  the  air  in  this  main,  constantly  renewed  and  passing  only 
over  recent  matters  moving  in  a  rapid  current  of  water,  has  no  odor. 

"  The  officers  of  the  city  and  the  members  of  the  Municipal  Council  more  particularly  interested  in  the  improve- 
ment of  t'le  sewerage  of  Paris  have  watched  the  experiment  with  interest,  and  I  am  permitted  to  say  that  the  good 
services  rendered  by  the  combined  arrangements  introduced  by  A'Ir.  Waring  contributed  largely  to  the  influence 
which  led  the  Municipal  Council  to  decide,  in  its  session  of  the  iitli  of  April,  1884,  that  the  preliminary  official  in- 
quiry which  is  about  to  be  made,  and  which  is  the  prelude  of  a  definitive  decision  as  to  the  method  of  sewerage  f)f 
Paris,  sliould  relate  botli  to  the  direct  discharge  of  household  wastes  into  the  existing  sewers,  and  to  their  removal  l.)y 
sei)arate  sewers. 

"It  seems  certain  that  within  a  short  time  the  entire  suppression  of  vaults  and  movable  receptacles  for  fsecal  mat- 
ter will  be  decreed,  as  well  those  which  receive  and  retain  excremental  matters  as  those  which  attempt  a  division, 
and  are  intended  only  to  retain  the  solid  portions  ;  and  that  the  immediate  removal  of  all  excremental  matters 
and  household  liquids  will  be  accomplished  by  their  direct  discharge  beyond  the  limits  of  the  city. 

"  Tlie  substances  will  be  discharged  i'lto  the  sewer,  wherever  the  condition  of  the  sewers  is  suitable  ;  they 
will  be  sent  through  the  sewer,  that  is  to  say,  by  sjiecial  conduits,  located  wherever  possible  in  the  interior  of 
the  large  sewers,  where  their  immediate  delivery  into  the  sewer  itself  would  not  be  admissible — these  special  con- 
duits to  deliver  into  the  sewer  as  soon  as  a  point  is  reached  where  the  necessary  conditions  for  the  rapid  and 
complete  removal  of  the  discharge  of  such  affluents  is  assured. 

"  This  is  one  of  the  great  advantages  of  Waring's  system  of  sewerage  that  it  can  as  well  be  established  in 
isolated  sections,  constituting  an  auxiliary  and  an  economical  complement  of  the  great  system  of  sewers  suited  to 
receive  fresh  fsecal  matter  and  household  waste,  as  it  can,  by  itself  alone,  be  extended  for  the  complete  drainage 
of  whole  quarters  or  of  entire  cities. 

"  Whatever  may  be  the  extension  of  a  series  of  sewers  according  to  Waring's  system,  it  retains  always,  by 
reason  of  its  exclusion  of  storm-water,  tlie  great  advantage  of  rec[uiring  only  small  diameters  and  reasonable  in- 
clinations in  which  the  volume  of  flow  undergoes  only  slight  variations,  and  f(jr  the  cleansing  of  which  relatively 
small  quantities  of  water  suffice. 

*  "I'lcnnhf  Application  d  Paris  en  1SS3  etc  L'assainisscnicnt  Snivanl  le  Syst}mc  Wanng par  Ernest  Pontzen,  Inginicur  Civil." 
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"  The  establishment  and  maintenance  of  a  system  of  sewers  according  to  Waring's  system  has   therefore  in  all 
cases  the  advantage  of  being  economical. 
'•  Paris,  May,   1884." 

Mr.  Pontzen  received  the  following  letter  from  the  director  of  the  communal  school  in  the  Rue  des  Hospitalieres  : 

"  P.4R1S,  November   14,   1886. 

''  Dear  Sir  :  In  reply  to  your  letter  of  to-day  I  am  glad  to  be  able  to  confirm  again  my  appreciation  of  Waring's 
system  that  yuu  established  in  our  schools  three  years  ago.  As  I  have  told  you  each  time  that  you  have  come  to 
assure  yourself  of  the  good  operation  of  tiie  apparatus  and  of  the  installation,  I  have  sincere  satisfaction  in  rejjeat- 
ing  to  you  that  for  my  part  I  am  more  and  more  satisfied  with  them.  In  fact,  in  the  interest  of  sanitary  improvement 
one  could  not,  I  think,  desire  anything  more  or  better.  There  is  no  longer  the  slightest  offensive  emanation  as  there 
was  formerly,  and  there  is  a  relative  cleanliness  that  it  was  always  difficult,  if  not  impossible,  to  obtain  before  the  work 
was  done. 

"Let  me  congratulate  you  again  upon  it.  I  am  only  surprised  that  the  use  of  this  system,  which  I  have  occa- 
sion to  appreciate  every  day,  is  not  made  general  in  the  educational  establishments  of  the  city  of  Paris,  as  I  consider 
it  is  quite  perfect  when  I  compare  it  with  what  formerly  existed  in  our  school. 

"  {^Signed)         Leopold." 

The  lady  directress  of  the  School  for  Girls  in  the  Rue  des  Quatre-Fils,  also  a  communal  school,  wrote  to  Mr. 
Pontzen  November  16  : 

"  The  installation  of  Waring's  system  in  the  closets  used  by  the  scholars  has  produced  very  satisfactory  results 
in  the  matter  of  salubrity  ;  the  odors  have  completely  disappeared." 

The  last  act  of  the  Parisian  drama  was  performed  in  the  Municipal  Council  of  the  city  on  the  26th  of  March, 
1886.     It  was  not  without  its  amusing  features,  as  the  following  translation  from  the  official  bulletin  will  show  : 

"Mr.  Leci.erc  (repo-  ter)  :  Gentlemen,  by  a  memorandum  dated  Decembers,  18S5,  the  Prefect  of  the  Seine 
proposed  to  the  council  to  allow  Mr.  Waring  a  sum  of  60,000  francs  as  indemnity  for  disbursements  made  by  this 
inventor  in  introducing  his  system  of  sewerage  in  Paris  and  for  the  cession  to  the  city  of  his  French  patent  relatively 
to  its  application  in  the  Department  of  the  Seine. 

"Furthermore,  Mr.  Pontzen,  civil  engineer,  the  authorized  representative  and  attorney  of  Mr.  Waring,  engages  in 
consideration  of  this  indemnity  to  furnish  the  administration  information  of  every  sort  relating  to  the  sewerage  of 
cities. 

"  However,  it  results  from  the  terms  of  the  memoir  of  the  Prefect  itself,  and  especially  from  the  report  of  the 
engineers  of  the  city,  that  this  indemnity  does  not  correspond,  strictly  speaking,  to  any  determined  right,  the  system 
of  Mr.  Waring  not  having  the  character  of  an  invention,  and  the  patent  taken  in  France  for  its  application  being  very 
contestable.* 

"Mr.  Waring  also  has  had  the  good  fortune,  often  refused  to  French  inventors,  to  see  the  Municipal  Council  of 
Paris  appropriate  on  two  occasions  a  total  sum  of  60,569  francs  13  centimes  for  the  trial  of  his  system  in  a  quarter 
of  Paris,  and  has  been  in  that  respect  all  the  more  fortunate  in  that  he  did  not  present  himself  as  a  hygienist  desirous 
to  advance  the  cause  of  science,  but  as  an  inventor  coming  to  propose  a  business  affair  to  the  city  by  the  sale  of  a 
patented  system. 

"Since  1883,  the  date  at  which  the  experiment  began,  some  accidents  have  occurred,  the  effect  of  which  has  been 
repaired  by  the  engineers  of  tlie  city. 

"  Another  consideration  ought  also  to  be  taken  into  the  account  because  of  the  benefits  that  have  accrued  to  Mr. 
Waring  in  America  as  well  as  in  France  by  the  contribution  voted  by  the  council  for  the  establishment  of  his  system. 

"We  consider  that  Mr.  Waring  has  already  found,  and  certainly  will  find  in  the  future,  a  sufficient  remuneration 
of  the  offer  that  he  has  made  to  the  city  of  Paris  to  e.xperiment  with  his  system  in  the  unusual  appropriation  that  has 
been  made  by  the  Munici|)al  Council  for  a  system  which  covers  nothing  absolutely  new  and  which  has  no  character- 
istic of  a  patented  invention. 

"  It  is  not  to  be  doubted,  as  we  see  in  the  report  of  the  engineers,  that  the  city  of  Paris  wovdd  not  have  been 
prevented  from  continuing  the  application  of  a  system  for  the  discharge  of  f;ecal  and  household  matters  by  sjjecial 
sewers  without  having  to  fear  a  penalty  because  of  Mr.  Waring's  patent. 

"But,  on  the  other  hand,  we  are  of  the  o|iinion  that  the  city  of  Paris  ought  not  to  lay  itself  open  to  the  charge  of 
having  profited,  however  slightly,  by  the  intellectual  work  of  a  foreign  engineer  who  has  come  here  to  submit  liis 
project. 

"Consequently  we  propose  to  you,  gentlemen,  to  allow  Mr.  Waring — jjayment  being  made  into  the  hands  of  Mr. 
Pontzen,  his  attorney — the  sum  of  10,000  francs,  under  the  express  reserve  that  Mr.  Waring  will  engage,  by  himself  or 
by  his  representative,  to  renounce  all  patent  rights  with  reference  to  works  of  sewerage  of  all  kinds  that  the  city  of 
Paris  may  hereafter  projjose  to  establish  to  improve  the  sanitary  condition  of  the  city. 

"  We  pray  you,  therefore,  to  adopt  the  project  in  these  terms  : 

"Article  i.  A  sum  of  10,000  francs  shall  be  paid  to  Mr.  Waring,  author  of  the  system  of  sewerage  by  im- 
permeable pipes,  as  an  honorarium  and  to  cover  the  cost  of  plans,  under  the  express  reserve  that  this  engineer  shall 
renounce  for  the  future  all  patent  claims  in  case  the  city  of  Paris  shall  be  disposed  to  establish  special  sewerage  with 
automatic  flushing  for  the  evacuation  of  frecal  and  household  matters. 

*  The  p.itent  had  been  allowed  to  lapse  by  the  failure  of  an  agent  to  pay  one  of  the  annual  fees. 
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"  Article  2.     The  sum  of  10,000  francs  shall  be  charged  to  the  account  of  the  maintenance  of  sewers  in  1886. 

"Mr.  Vauthier  :  I  do  not  deny  that  it  is  perhaps  a  difficult  task  to  appear  in  the  presence  of  the  report  that  is 
before  you  and  ask  you  to  accept  the  propositions  of  the  administration  from  which  this  report  differs  so  widely. 

"But  I  have  the  clearest  conviction  that  in  ajjproving  the  conclusions  of  the  commission  you  would  not  do  what 
you  ought  to  do  in  the  name  of  the  city  of   Paris  as  to  a  man  who  has  rendered  you  an  eminent  service. 

"To  a  certain  extent  I  am  responsible  for  the  works  executed  in  Paris  after  the  ideas  of  Mr.  ^\'aring,  for  I 
have  actively  insisted  that  the  trials  which  have  been  accom])lished  should  be  carried  out. 

"  I  already  knew  the  system  of  Mr.  Waring  as  carried  out  in  Memphis,  in  the  United  States,  by  special  reports 
in  the  journals. 

"  When  three  years  ago  the  exposition  was  made  before  the  sub-commission  of  the  Grand  Commission  of  Sanita- 
tion, to  which  1  have  the  honor  to  belong,  I  was  so  struck  that  I  immediately  jjresented  a  note  indicating  the  favorable 
results  that  their  application  might  have  for  us.  I  thought  and  1  explained  from  this  tribune  itself  that  if  we  could 
put  in  practic--  the  tout-a-l'i'goiit  it  would  only  be  on  condition  that  foul  matters  should  be  intr(.duced  only  into  sewers 
having  a  current  of  water  sufficient  to  carry  them  rapidly  and  without  halting  to  the  collectors.  I  declared  that  it 
would  be  a  serious  fault  and  would  involve  a  considerable  danger  to  use  for  this  purpose  sewers  whose  invert  never  is 
susceptible  of  becoming  dry.  This  opinion  seems  to  me  still  well  grounded.  1  shall  defend  it  to  the  end,  for  I  do  not 
admit  that  this  latter  practice  will  be  possible.  Nevertheless,  we  cannot  keep  up  in  Paris  two  contrary  systems.  If 
we  admit  the  tout  a  I't'gout,  it  must  be  completed  throughout  the  whole  extent  of  the  city.  This  suggests  special 
sewerage,  which  furthermore  the  council  has  accepted  without  objection,  and  which  has  been  provided  for  and  de- 
veloped in  the  project  submitted  at  the  public  investigation. 

"  I  affirm  under  these  circumstances  that,  since  you  have  given  your  approbation  to  this  system,  and  especially  as 
Mr.  Waring  has  not  been  deterred  by  the  cost  of  two  journeys  to  Paris  nor  by  the  enormous  work  that  he  has  had  to 
accomplish  with  the  distinguished  engineer  who  represents  him  here — I  affirm,  even  supposing  that  the  patent  to  which 
reference  has  been  made  is  not  valid,  that  Mr.  Waring  lias  rendered  you  by  his  ideas,  by  his  work,  by  his  instructions, 
services  that  the  city  of  Paris  ought  to  recognize.      (Applause  and  opposition.) 

"  The  report  alleges  that  tlie  patent  of  Mr.  Waring  is  contestable.  In  saying  that  it  says  nothing  new.  The 
commission  hjs  not  yet  discovered,  I  think,  any  patents  which  may  not  be  contested.  Furthermore,  it  is  not  our 
business  to  discuss  here  the  question  of  validity  or  non-validity  of  patents,  and  I  do  not  discuss  it.  Even  admitting 
that  the  patent  is  not  valid,  Mr.  Waring  has  conceived  in  detail  and  has  con"municated  to  the  city  of  Paris  a  combina- 
tion of  ideas  by  which  it  has  profited.  Engineer-in-Chief  Humblot,  who  is  not  suspected  of  partiality  to  Mr.  Waring, 
recognizes  this  p.rfectly  in  his  report.  What,  then,  is  the  motive  of  the  ccmmission  in  considering  that  the  city  of 
Paris  is  excused  from  reimbursing  Mr.  Waring  for  his  ex]3enses  and  from  recognizing  the  service  rendered  ? 

"  The  report  furnishes  a  reply  to  which  I  refer — I  may  be  permitted  to  say  with  the  greatest  regret— the  report 
tells  us  that  when  an  inventor  brings  an  invention  to  the  city  of  Paris,  and  this  city  consents  to  ajiply  it,  she  brings  the 
inventor  en  evidence,  she  renders  him  such  a  service  that  she  is  absolved  from  giving  him  any  other  remuneration. 

"This  reminds  me  of  the  nobleman  in  the  comedy  who  does  not  pay  his  furnishers,  and  finds  his  tailor  only  too 
fortunate  in  being  able  to  see  clothes  which  he  has  delivered  gratis  on  his  noble  shoulders.  This  is  truly  a  meihod  of 
procedure  which  is  not  worthy  of  the  city  of  Paris.  Still,  the  nobleman  has  the  good  taste  not  to  depreciate  the  cloth- 
ing for  which  he  has  so  singularly  paid.      (Laughter.) 

"  Mr.  Leclerc  {reporter)  :  Because  they  became  him. 

"  Mr.  Vauthier  :  .As  for  you,  you  declare  that  your  clothes  are  of  no  value,  that  they  are  tatters.  You  treat  the 
inventor  in  such  a  way  that  if  a  city  were  disposed  to  accept  his  system  it  would  hasten  to  reject  it  after  having  read 
your  report. 

"  In  brief,  the  city  does  not  wish  to  pay  for  the  service  rendered,  unless  she  can  pay  for  them  by  injuries. 
Mr.  Waring  has  brought  here  an  idea  which  has  been  admitted  and  applied  by  the  city  of  Paris  ;  it  is  but  natural  that 
she  should  refund  his  expenses  and  shield  herself  from  all  ulterior  claim  by  indemnifying  Mr  Waring. 

"  Under  these  circumstances  the  city  ought  to  pay  ;  if  she  does  not  do  it,  she  satisfies  her  debt  with  mere 
grimaces.     I  should  be  very  sorry  for  her. 

"Mr.  Leclerc  (reporter)  :  It  seems  to  me  necessary,  gentlemen,  to  reply  to  some  of  the  words  of  Mr.  Vauthier. 
Our  colleague  has  told  us  that  Paris  has  employed  the  services  of  Mr.  Waring,  and  that  after  all  it  is  jiroposed  to  pay 
him  in  grimaces.  It  is  Col.  Waring  himself  who  came  to  propose  his  system  to  us  ;  we  did  not  seek  him.  It  may  be 
said  that  Mr.  Waring  has  been  more  favored  than  other  inventors  of  sewerage  systems  because  the  city  has  authorized 
him  to  make  experiments  of  a  length  of  868  metres  in  the  Rue  du  Temple,  and  that  this  has  been  denied  to  others.  I 
have  said  that,  to  pay  for  these  experiments  of  Mr.  \\'aring.  the  city  has  already  spent  60,000  francs. 

"  Mr.  Vauthier  tells  us  that  this  system  is  capable  of  rendering  us  the  greatest  services,  but  in  its  conclusions  the 
committee  has  been  inspired  only  by  the  terms  of  the  report  of  Engineer  Humblot. 

"  After  having  mentioned  the  fact  that  Waring's  system  is  contestable,  Mr.  Humblot  concludes  thus  : 

"'The  demand  of  Mr.  Waring  has  therefore  a  serious  as]3ect,  although  at  the  bottom  it  rests  only  on  considera- 
tions of  sentiment.'  Well,  gentlemen,  I  ask  you.  Can  we  here  take  account  of  sentiment  ?  What  recognition  do  we 
owe  to  Mr.  Waring,  whom  we  have  simply  permitted  to  make  a  reputation  ? 

"Mr.  Strauss:  You  were  not  needed  for  that;  his  reputation  was  made  long  ago,  in  America  as  well  as  in 
Europe. 

"  Mr.  Leclerc  (reporter)  :  I  know,  my  dear  colleague,  I  am  not  un.icqiiainted  with  the  fact  that  Mr.  AVaring  has 
made  the  experiment  of  his  system  in  Memphis,  but  I  declare  emphatically  that  tlie  engineers  of  Paris  yield  nothing  to 
Mr.  Waring.  He  furthermore,  thanks  to  the  experiments  that  we  h;ive  permitted  him  to  make,  has  obtained  important 
orders  from  the  city  of  Havre.  Is  not  that  a  considerable  advantage  for  him  ?  Finally,  I  repeat,  is  the  system  of 
■this  engineer  perfect  ? 

"  Mr.  Waring  for  the  conceding  of  his  patent  asked  us  at  first  300,000  francs  ;  now  he  contents  himself  with 
60,000  francs.     Is  not  that  an  avowal,  and  can  we  not  conclude  from  it  that  his  system  is  contestable  ? 
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"  In  fine,  gentlemen,  we  have  not  to  favor  nor  to  encourage  such  or  such  person  ;  \vc  are  here  to  defend  the 
interests  of  the  tax-payers.  Inspired  by  these  sentiments  in  our  souls  and  consciences,  we  have  thought  that  an 
indemnity  of  10,000  francs  was  more  than  sufficient.      I  maintain,  tiierefore,  the  conclusions  of  the  commission. 

"  I  will  close  by  citing  for  you  a  passage  of  an  official  document  on  the  results  of  the  experiments  with  Waring's 
system.  Here  is  what  I  read  in  the  report  of  Messrs.  Vallin  and  Hudelo  before  the  superior  sanitary  commission, 
dated  March  21,  1885  : 

"  '  More  recently  a  trial  of  Waring's  system  has  lieen  made  under  the  direction  of  Mr.  Pontzen,  repiesenting  the 
inventor.  The  sewerage  establisliment  serves  a  school  in  the  Rue  des  Hospitalieres-St.-Gervais,  a  school  in  the 
Rue  des  Quatre-Fils,  and  the  public  latrines  of  the  Blancs-Manteaux  market  ;  it  is  placed  in  an  old  sewer  in  the  Rue 
Vieille-du-Temple  ;  fresh-air  inlets  secure  the  interior  ventilation  of  the  pipes.  The  system  has  operated  during 
fifteen  months  without  interruption,  but  lately  two  obstructions  have  occurred,  etc' 

"  Therefore  the  system  of  Mr.  Waring  is  not  perfect. 

"Mr.  Strauss  :  There  is  no  system  that  is  perfect. 

"  Mr.  Leclerc  {reporter^  :  But  we  have  engineers  who  certainly  are  worth  as  much  as  Mr.  Waring  ;  it  cannot 
be  said,  therefore,  that  this  one  has  attained  the  ideal.  Under  these  circumstances,  the  conclusions  of  this  commission 
seem  to  me  essentially  ecjuitable. 

"  The  Direct(3r  of  Works:  *  I  ought  in  few  words  to  justify  the  propositions  of  the  administration  which  pro- 
vide for  giving  to  Mr.  Waring,  for  the  service  that  the  employment  of  his  processes  will  render  to  the  city  of  Paris,  a 
determinate  sum  on  condition  of  the  abandonment  of  the  patents  that  this  engineer  has  taken  in  France,  whatever 
may  be  their  v. due. 

"  I  know  the  conditions  of  the  question  of  the  evacuation  of  foul  matter  in  Paris.  It  is  agreed  that  the  disad- 
vantages of  vaults  ought  to  cause  their  suppression.  But  we  must  find  a  system  of  evacuation  :  the  sewer  is  one  fully 
indicated.  We  are  divided  only  as  to  what  must  be  done  in  the  sewer.  Some  think  that  there  would  be  no  disadvan- 
tage if  the  contents  of  the  vaults  were  thrown  directly  on  to  the  invert;  others  that,  because  of  the  odors  and  in  the 
interest  of  cleanliness,  it  is  necessary  that  these  matters  should  not  be  introduced  into  the  sewer  except  in  an  envelope 
which  isolates  them.  The  administration  has  had  to  consider  these  solutions,  and  we  hope  that  you  will  finally  admit 
the  sewer  as  a  means  of  discharge  ;  but,  in  order  that  we  could  be  in  condition  to  propose  this  to  you,  it  was  neces- 
sary to  make  experiments  of  sufficient  extent  and  of  sufficiently  long  duration. 

"  Among  the  systems  based  on  the  discharge  of  foul  matters  through  the  sewer  by  means  of  conduits,  two  have 
been  accepted  by  the  municipal  council  for  experiment  :  Berber's  system  and  ^^'aring's  system.  It  has  been  said 
that  the  inventors  of  these  two  systems  have  not  been  treated  by  the  city  on  an  equal  footing,  Waring's  system  hav- 
ing been  the  object  of  a  credit  of  60,000  francs  while  that  of  Mr.  Berlier  has  cost  nothing.  It  is  not  thus  that  the 
thing  has  been  done. 

"  By  the  aid  of  the  credit  to  which  I  have  referred  the  city  has  done  the  work  necessary  f.^r  the  partial  applica- 
tion of  Waring's  system  under  the  direction  of  the  municipal  engineers,  the  inventor  intervening  only  to  give  the 
necessary  instructions.  As  to  Mr.  Berlier,  you  have  given  over  to  him  a  whole  quarter  of  Paris  for  an  experimental 
application  of  his  system,  with  a  right  to  establish  1,000  house-drains  and  to  charge  30  francs  for  each  of  them  dur- 
ing ten  years.  This  is  an  income  of  300,000  francs  that  this  inventor  will  realize.  Therefore,  if  there  has  been  a 
marked  preference  for  one  of  the  inventors,  it  cannot  be  said  that  it  is  in  favor  cf  Mr.  Waring. 

"  We  have  followed  the  trials  of  these  two  systems.  Both  offer  advantages,  but  also  present  points  of  weakness 
and  suggest  objections.  The  trial  of  Berber's  system  does  not  seem  to  be  conclusive,  because  the  number  of  house- 
drains  is  very  limited. 

"  Mr.  Davoust  :   I  believe  it.     He  has  not  been  allowed  to  extend  his  trial,  esi)ecially  in  the  Boulevard  Pereire. 

"  The  Director  of  Works  :  Pardon,  Mr.  Davoust.  The  sixth  commission,  of  which  you  are  president,  has  been 
occupied  for  eight  months  with  a  project  for  extending  the  Berlier  system. 

"  Mr.  Davoust  :  It  is  not  the  commission  which  should  be  charged  with  this  delay,  but  one  of  its  members. 

"The  Director  of  Works:  As  to  Waring's  system,  established  in  a  quarter  where  the  flow  of  matters  is  con- 
siderable, it  has  produced  results.  It  was  believed  before  that  a  special  sewerage  could  not  work  in  the  sewers  with- 
out the  employment  of  suction  or  pressure.  The  trial  of  Waring's  system  has  proved  that  by  the  simple  natural  fall 
of  sewers  and  by  flushing  intelligently  applied  in  the  water-closets  we  might  so  dilute  the  matters  as  to  render  them 
sufficiently  liquid  to  cause  them  to  flow  through  pipes. 

"  It  has  been  said  that  the  demonstrations  ha\-e  not  succeeded  because  during  a  period  of  trial  three  obstruc- 
tions have  occurred.  Permit  me  to  reply  that  this  itself  rather  indicates  success,  because  only  three  obstructions  in 
such  a  considerable  length  indicate  that  the  system  has  a  real  value. 

"  I  want  to  say  this  very  clearly,  because  by  the  terms  of  the  report  of  the  commission  it  might  be  thought  that 
'  the^e  trials  have  not  been  conclusive. 

"  Is  Waring's  system  a  patented  sys'em  ?  Would  it  be  possible  for  us  to  use  it  without  securing  the  patent  ?  I  do 
not  think  so  ;  but  that  is  not  the  question.  There  was  an  important  question  to  solve,  a  very  delicate  question,  which 
embarrassed  those  versed  in  the  art  ;  a  man  has  come  to  Paris  to  propose  his  system  to  us;  lie  has  had  expenses,  he 
has  made  long  studies  ;  while  our  engineers  were  working  on  their  part  Mr.  Waring  worked  on  his,  maintaining  a 
corps  of  assistants  during  two  years  ;  what  we  want  now  to  know  is  whether  or  not,  this  service  having  been  rendered 
to  the  city,  it  is  proper  to  recognize  it  in  some  manner.  We  have  thought  that  the  sum  of  60,000  francs  was  in  accord 
with  the  service  rendered,  and  that  it  comported  with  the  dignity  of  the  city  to  accord  it  to  Mr.  ^^■aring.  The  sum 
proposed  by  the  commission  seems  to  me,  on  the  other  hand,  to  be  entirely  insufficient. 

"Mr.  Lopin  :  When  the  committee  examined  the  request  for  the  credit  of  60,000  francs  for  an  allowance 
to  Mr.  Waring  it  unanimously  fixed  on  the  sum  of  10,000  francs.  Since  then  I  have  obt.iined  new  information,  and 
if  I  had  had  it  before  the  discussion  in  the  commission  I  should  have  pronounced  against  the  approi)riation  of 
10,000  francs,  and  I  should  have  moved  the  order  of  the  day  pure  and  simple,  which  I  propose  presently  to  do. 

*Mr.  Alpliand. 
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"  I  shall  not  discuss  the  question  of  the  hiui-ci-rcgouf  oic  par  rcgoiit,  which  I  have  not  yet  studied  comiiletely  ;  on 
the  other  hand,  I  have  studied  Waring's  system,  and  I  intend  to  iiKjuire  if  the  city  of  Paris  owes  him  an  indemnity 
from  the  point  of  view  of  services  rendered  or  from  the  point  of  view  of  services  that  may  be  rendered  liy  liis 
system. 

"  I  will  confine  myself  to  considering  what  the  engineers  of  the  city  have  said  of  Waring's  system  and  what  the 
city  lias  done  in  behalf  of  this  inventor.  The  project  of  Mr.  Waring  being  presented,  we  first,  July  28,  1S83,  placed 
50,000  francs  at  his  disposition  ;  the  26th  of  April,  1885,  a  second  credit  of  10,569  francs  was  ojjened  During  the 
whole  year  Mr.  Waring  used  in  experimenting  with  his  system  a  considerable  quantity  of  water  which  was  paid  for 
by  the  city,  so  that  these  experiments  have  already  cost  us  65,000  francs.  Is  the  service  that  he  has  rendered  us 
worth  65,000  francs?  You  may  judge  for  yourselves,  gentlemen  !  At  the  Blancs-Manteaux  market,  where  the 
system  is  on  trial,  a  stopper  has  been  forced  out,  a  cesspool  has  been  filled,  and  we  came  near  having  a  lawsuit  with  a 
neighboring  proprietor  for  the  invasion  of  his  cellars.  At  another  time  faecal  matters  overflowed  into  the  sewer. 
This  was  detected  several  days  after.  Again,  the  people  complain  of  exhalations.  Here  we  see  the  absolute,  con- 
clusive demonstrations  in  favor  of  this  system. 

"  Also,  to  base  my  argument  on  the  report  of  the  engineers  of  the  city  themselves,  I  will  read  the  following 
passage  of  a  report  made  by  one  of  these  engineers  and  countersigned  by  the  Director  of  Works  : 

"'This  system  is  not  adapted  by  reason  of  the  extreme  dilution  of  its  matters  to  their  conversion  into  manure. 
.  .  .  Furthermore,  the  numerous  communications  of  the  soil-pipes  with  the  exterior  air  does  not  accord  with  the 
programme  of  those  who  prefer  an  entirely  closed  system  of  sewerage. 

"' The  system  which  will  satisfy  most  completely  the  desiderata  of  the  most  exacting  sanitarians  will  be  accom- 
plished by  means  of  vacuum,  and  by  metallic  sewers  hermetically  closed  from  the  house  to  the  point  where  they  will  be 
treated.' 

"  Here,  gentlemen,  "is  an  argument  that  I  take  from  the  Director  of  Works  himself  which  in  not  in  favor — 

"Mr    Delignv:   What  is  the  date  of  that  report? 

"  Mr.  Lopin  :  October  2^1,  1882.  Therefore,  not  only  is  the  service  rendered  to  be  contested  but  it  may  be 
said  not  to  exist. 

"  Is  Waring's  system  better,  more  applicable,  from  the  point  of  view  of  the  service  that  it  may  render  ?  Is  the 
method  of  flushing  characteristic  of  this  system  peculiar  to  Mr.  Waring?  Let  me  reply  by  citing  further  a  passage 
from  a  report  of  an  engineer  of  the  city,  Mr.  Hudelo,  March  21,  1885  : 

'"Whatever  may  be  said,  it  remains  perfectly  established  that  the  administration  and  its  engineers  are  in  a 
position  without  being  obliged  to  resort  to  patented  inventions  to  establish  everywhere  where  it  may  be  necessary  a 
system  of  tight  sewers  arranged  to  meet  ths  conditions  of  article  22  of  your  first  resolutions.' 

''  I  think,  therefore,  that  I  have  shown  you,  supporting  my  position  by  the  declarations  of  the  engineers  of  the 
city  as  well  as  by  the  experience  we  have  had  with  Waring's  system,  that  this  system  has  rendered  no  service,  that  it 
can  rt^nder  none,  and  that  it  has  already  cost  the  city  of  Paris  65,000  francs. 

"Tiie  point  is  to  know  under  these  circumstances  whether  you  ought  to  accord  a  subsidy,  whatever  be  its 
figure,  to  a  foreigner,  when  you  have  about  you  a  legion  of  remarkable  French  engineers  among  whom  you  will  easily 
find  one  who  can  replace  Mr.  Waring.     (Good  !  Good  !) 

"  Can  you  doubt  it?  Certainly  not.  For  my  part  I  am  sure  that  we  can  get  on  without  Mr.  Waring.  For 
this  reason  I  have  the  honor  to  move  the  order  of  the  day  pure  and  simple,  as  well  on  the  jjroposition  of  the 
administration  as  on  the  conclusions  of  the  administration.     (Good  !   Good  !) 

"  Mr.  SrR.AUss  :  Gentlemen,  I  ask  the  attention  of  the  council  to  the  observations  just  presented  by  the 
Director  of  Works. 

"  I  cannot  be  suspected  [of  partiality]  in  doing  homage  to  the  declarations  of  Mr.  Alphand,  because  on  different 
occasions  the  council  has  seen  me  combat  the  administration's  system  for  removing  faecal  matter. 

"  It  seems  to  me  that  the  Director  of  Works  has  given  you  a  new  proof  of  his  loyalty  in  advocating  on  this 
tribune,  and  in  the  terms  that  he  has  used,  the  system  of  Mr.  Waring. 

"Let  me  at  the  outset  express  my  surprise  that  the  quest'on  of  a  patent  which  is  not  within  our  province  has 
been  raised  here,  and  that  Mr.  Lopin  has  opposed  Waring's  system  in  citing  extracts  from  re])orts  which  certainly 
cannot  lessen  the  value  of  the  recent  experiments  and  the  actual  declara'ions  of  the  Director  of  Works. 

"  For  my  part  I  am  not  more  clear  as  to  the  advantages  of  W^aring's  system  than  to  those  of  Beilier's  system  : 
it  is  not  a  question  of  opposing  one  or  the  other;  if,  however,  the  situation  of  each  is  considered,  it  should  not  be 
forgotten  that  one  is  still  in  the  technical  phase,  at  least  for  Paris,  and  that  the  other  has  passed  into  the  financial 
phase. 

"Mr.  Lopin  :  Waring's  system  is  indeed  entering  the  financial  phase,  and  the  proof  is  that  to-day — 

"  Mr.  Strauss  :  You  have  not  taken  my  idea.    I  s  ly  that  without  bringing  the  two  systems  into  opposition — ■ 

"  Mr.  Lopin  :  But  I  have  not  opposed  one  or  the  other. 

"Mr.  Strauss:  It  is  not  directly  to  you  that  I  am  replying,  Mr.  Lo|)in.  This  is  my  idea  :  It  has  just  been 
remarked  that  a  different  condition  had  been  given  to  Mr.  Berber,  and  the  Director  of  Works  replied  that  Mr.  Berber 
had  obtained  the  concession  of  an  entire  quarter  and  financial  crmditions  much  better  than  those  of  Mr.  Waring.  Mr. 
Waring,  on  the  other  hand,  has  not  yet  exploited  his  patent,  and  he  asks  from  the  city  only  a  remunerative  compen- 
sation. 

"  Mr.  Patenne  :   He  discounts  the  generosity  of  the  city  of  Paris,  which  he  regards  as  a  good  milch  cow. 

"Mr.  Strauss:  You  are  very  spiiituel,  Mr.  Patenne,  but  it  is  not  now  a  question  of  milch  cows,  esiiecially  in 
such  a  matter.  We  have  an  incontestable  interest  in  not  throwing  disfavor  on  the  removal  of  sewage  by  tight  conduits, 
whetlier  the  sewers  be  made  according  to  Berber's  system  or  according  to  Waring's. 

"What  is  important  is  not  the  indemnity  ;  I  am  not  troubled  about  that;  and  it  is  not  to  discuss  it  that  I  have 
taken  the  tribune. 

''  Mr.  Cernesson  :  That  is  all  there  is  of  it. 
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"  Mr.  Strauss  :  There  has  been  here  a  criticism  of  Mr.  Waring's  system.  I  say  that  the  unfavorable  comments 
that  yo'J  have  heard  are  in  no  respect  justified. 

"Mr.  Leclerc  {reporter)  :     I  protest  against  the  motive  ascribed  to  the  Reporter. 

"Mr.  Strauss  :  My  observ.ition  was  not  addressed  to  tlie  Reporter.  You  have  been  told  that  the  city  of  Paris 
has  engineers  so  skilful  that  it  is  not  necessary  to  have  recourse  to  foreign  luminaries. 

"From  the  sentimental  point  of  view  I  am  f.ir  from  objecting  to  this  feeling,  but  it  ought  to  find  no  place  here. 
Mr.  Waring  has  never  pretended  to  supplant  our  engineers.  He  has  simply  olTered  a  system  of  which  he  is  the  inven- 
tor, or  in  any  case  the  promoter.  It  was  then  that  the  Director  of  Works,  a  known  j.iartisan  of  ihe  fcwt-a-feoo///,  has, 
with  a  loyalty  and  an  impartiality  to  which  we  cannot  too  much  render  homage,  authorized  some  partial 
application  of  the  to/it  par  /'e'gout,  and  r.otably  the  method  of  tiie  American  colonel,  in  order  that  wlicn  we 
came  to  make  a  definite  change  of  our  system  of  evacuation  we  should  be  exactly  informed  as  to  tlie  best 
method    of   removal  by   special    conduits   for   those    sewers  where    we    should    not  dare   apply  a   direct   discharge. 

"The  interest  active  here  is  something  above  a  miserable  haggling  about  money.  Whether  the  city  spends,  not 
60,000  francs,  but  several  hundred  thousand  francs,  if  she  has  thereby  ameliorated  her  sanitary  conditions,  if  she 
has  caused  the  question  of  her  sanitary  improvement  to  be  advanced  a  step,  she  could  not  certainly  make  a  better  use 
of  her  means. 

"  Mr.  de  Menorval  :     Evidently. 

"  Mr.  Strauss  :  This  is  the  reason  why  I  said  before  the  sixth  commission  that  we  must  be  careful  not  to 
limit  the  field  of  experiment  in  these  matters,  and  that  it  was  on  the  other  hand  indispensable  that  trials  should 
be  carried  out.  Very  well  !  In  according  Mr.  Waring  an  indemnity,  the  figure  of  which  I  will  not  discuss,  you 
will  not  contemptuously  shut  the  door  in  the  face  of  those   who  bring  you  their  light  and  their  experience. 

"  I  warn  you  of  the  danger  of  pronouncing  by  a  hasty  vote  on  the  systems  of  removal  by  impervious  sewers. 
I  urge  you  to  send  this  affair  back  to  the  committee  for  a  discussion  of  the  special  jjoint  of  the  validity  of  the 
patent.  As  to  the  value  of  the  system  itself,  you  can  consider  that  when  you  shall  have  before  you  the  general 
discussion  of  the    toiit-a-Vegoiit. 

"What  I  ask  you,  then,  is  to  reserve  your  decision.  The  remarks  that  I  have  just  made  I  should  make  in 
like  manner  if  it  were  a  question  of  Berber's  system  ;  what  I  ask  is  that  the  entire  question  be  deferred  until 
the  day  when  you  shall  be  in  possession  of  the  report  of  Mr.  Deligny  on  the  results  of  the  investigation  as  to 
sanitary  im[)rovement. 

"  I  will  not  make  a  motion  to  this  effect  ;  I  confine  myself  to  submitting  these  considerations  to  the  wisdom 
of  the  council. 

"Mr.  Cernesson  :  I  will  not  enlarge  now  on  the  argum-.nts  for  or  against  r.  moval/jr  ou-ei-rcgoiit.  It  has 
nothing  to  do  with  this  case. 

"It  is  proposed  to  allow  an  indemnity  to  Mr.  Waring.  We  do  not  give  indemnities  except  to  those  who  have 
rendered  services. 

"  Mr.   Piperaud  :    Absolutely. 

"  Mr.  Cernesson  :  Now,  has  Mr.  Waring  rendered  any  service  to  the  city  ?  The  only  service  that  has  been 
rendered  h.as  been  to  Mr.  Waring. 

"Mr.  Patenne;     Exactly  so. 

"  Mr.  Cernesson  :  This  foreigner  has  submitted  a  system  ;  it  has  been  tried  ;  he  has  been  permitted  to  a]iply 
it  without  paying  the  cost.  The  tax-payers  have  derived  no  benefit ;  consequently  there  exists  no  reason  for  any 
indemnity  whatever. 

"I  propose,  therefore,  to  the  council  to  reject  the  conclusions  of  the  committee  and  to  vote  the  order  of  the  day 
pure  and  simple.     (Disturbance.) 

"Mr.  Leclerc  {re/'orter)  :  The  commission  accepts  the  order  of  the  day  pure  and  simple. 

"Mr.  Strauss  :  There  is  first  the  question  of  the  reference  of  the  postponement'of  discussion  until  the  report  of 
Mr.  Deligny  on  sanitary  improvement — 

"  Several  Voices  :  Question. 

"  The  question  put  to  vote  was  carried. 

"  The  order  of  the  day  pure  and  simple  was  then  adopted." 

Fortunately,  I  have  not  to  content  myself  only  with  "grimaces."  The  smiles  of  such  men  as  Mr.  Alphand 
and   his  coadjutors   have  a  value  that   cannot  be   expressed   in   francs  and   centimes. 

At  the  International  Congress  of  Hygiene,  held  in  Vienna  in  1SS7,  "Waring's  System"  was  one  of  the 
subjects  announced  for  discussion.  A  paper  promised  from  Memphis  was  not  sent.  The  late  Mr.  Durand-Claye, 
all  of  whose  work  and  sympathies  have  been  in  the  direction  of  the  combined  system,  read  the  following  pajjcr  : 

"  Examination    of  the  Systems  of  Waring  and  Shone  for  the  Evacuation    of    Sfwac.e.      A    Report   to 
THE  International  Congress  of  Hygiene  at  Vienna  hy  Mr.   .Alfred  Durand-Clave,  etc. 

"  The  systems  of  Waring  and  .Shone  for  the  evacuation  of  sewage  and  fnccal  matter  from  cities  have  a  common 
character.  They  are  separate  systems  ;  tliey  collect  household  and  water-closet  matters.  They  exclude  rain-water  ; 
this  flows  through  the  gutters  of  houses  and  througli  a  special  system  of  sewers,  or  simply  in  street  gutters. 
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SHONE  S    SYSTEM. — ITS    COMPLICATION. 

"We  shall  say  little  of  the  Shone  System.  It  is  known  that  it  consists  of  a  series  of  reservoirs  operated  automati- 
cally by  means  of  compressed  air,  and  discharging  the  waters  that  it  receives  into  metallic  sewers. 

"  We  made  some  years  ago  some  experiments  witli  one  of  Shone's  evacuators,  which  operated  properly  ;  but  we 
have  never  examined  a  practical  installation  made  according  to  this  system  and  therefore  abstain  from  speaking  of  it. 
Aside  from  tiie  general  objections  that  will  be  developed  hereafter,  we  would  observe  that  the  Shone  System, 
ingenious  though  it  is,  and  piecisely  because  it  is  very  ingenious,  seems  to  us  to  answer  ill  the  desiderata  of  a  rational 
and  practical  system  of  municipal  cleansing;  there  should  be  no  mechanism,  there  should  be  no  clock-work  in  the 
general  apparatus  for  the  removal  of  foul  wastes  ;  the  works  ought  to  be  of  the  most  simple  kind,  and  easy  to  inspect 
at  any  time.  The  drainage  of  a  city  ought  not  to  be  suspended  because  a  lever  or  a  counterpoise  works  badly, 
because  a  pipe  breaks  or  becomes  obstructed.  We  consider,  consequently,  that,  except  in  very  special  cases,  we  need 
not  stop  to  consider  systems  based,  like  the  Shone  System,  on  the  use  of  air,  compressed  or  rarefied,  and  on  mechanical 
apparatus. 

"wARING'S    system. — IT    IS    NOT    AN    ORIGINAL    SYSTEM. — ITS   SIMPLICITY. 

"Waring's  System  escapes  this  kind  of  criticism.  It  is  simple,  comprising  only  vitrified  pipes  with  tightly 
cemented  joints,  ventilation  pipes,  and  flush-tanks.  It  may  even  be  said  that  it  does  not  constitute  an  original  system. 
Long  before  Col.  Waring  had  executed  the  sewerage  of  Memphis  in  the  United  States  pipe-sewers  were  used.  There 
is  a  large  number  of  types  of  flush-tanks  due  to  different  inventors,  and  that  which  Mr.  AV'aring  uses  was  devised  by 
Mr.  Rogers  Field,  of  London,  who  for  some  years  back  has  placed  a  large  number  in  England. 

"  Mr.  Waring  has  himself  defined  his  system  in  the  following  terms  at  the  Nashville  meeting  of  the  American 
Public  Health  Association  : 

"  (i)  The  use  in  the  construction  of  sewers  of  pipes  of  small  diameter,  adjusted  solely  to  the  evacuation  of  dirty 
water  and  fsecal  matter,  to  the  exclusion  of  rain-water  ;  (2)  Ventilation  of  the  sewers  and  the  house-drains  by  a  large 
number  of  air-inlets  and  of  pipes  oijening  above  the  roofs  ;  (3)  Direct  communication  of  each  private  drain  with  the 
sewer  without  the  interruption  of  a  diaphragm  or  hydraulic  seal ;  (4)  Daily  washing  of  the  sewers  by  flushing  with 
water  accumulated  in  tanks  placed  at  their  heads. 


DRAINAGE    OF    MEMPHIS. 

"The  drainage  of  Memphis  was  carried  out  according  to  these  principles.  This  city,  with  forty  thousand  inhabi- 
tants, had  been  cruelly  afflicted  by  epidemics,  of  which  some,  like  that  of  yellow  fever  jn  1878,  carried  off  one-tenth  of 
its  population.  There  were  hardly  any  sewers.  Everything  was  to  be  done  ;  it  was  necessary  to  act  quickly  ;  the 
evacuation  and  the  destruction  of  the  city  had  been  talked  of.  Col.  Waring  Avith  his  small  pipes  w;is  able  to  substi- 
tute rapidly  something  that  was  admissible  where  there  was  nothing.  The  Mississi]>pi  with  its  enormous  flow  was 
ready  to  receive  and  absorb  everything  ;  rain-water  could  flow  in  street-gutters  or  in  the  few  imperfect  sewers  of  a 
city  of  the  fourth  or  fifth  class.  There  was  constructed,  consequently,  a  collecting-sewer  of  cast-iron  with  a  diameter 
of  20  inches,  and  to  this  was  led  a  system  of  vitrified-iiipe  sewers  of  6  inches,  and  for  a  portion  of  8  inches,  in 
diameter.  The  total  sewerage  amounts  to  68  kilometres  ;  house-drains  ha^e  a  diameter  of  4  inches.  The  junction  of 
house-drains  with  the  sewers  and  of  the  sewers  with  each  other  are  tangential  and  with  conical  pipes.  The 
fall  is  generally  sufficient — 0.005  metre  per  metre;  this  is  reduced  to  0.0017  metre  in  the  main  sewer.  Ventila- 
tion is  effected  by  seven  thousand  house-drains  and  by  a  certain  number  of  fresh-air  inlets,  generally  at  the  ends  of 
the  sewer.  One  hundred  and  eighty  Field's  flush-tanks,  of  a  capacity  of  0.500  cubic  metre,  are  distributed  along  the 
sewerage  at  average  intervals  of  about  375  metres.  The  cost  amounted  to  1,150,000  francs,  about  15.50  francs  per 
metre. 

"  Mr.  Waring  and  his  representatives  assure  us  that  his  system  has  given  good  results.  There  were,  during  the 
earlier  years,  some  stoppages,  twenty-one  per  annum,  but  it  appears  that  these  stoppages  were  removed  easily  enough 
by  excavation  and  remaking  the  joints,  which  called  for  an  expense  of  45  francs  for  each  obstruction. 

"Some  cities  in  America  of  secondary  importance,  Omalia  [Omaha],  Keew  [Keene],  Norfolk,  and  Pullman,  have 
commenced  the  application  of  the  Memphis  system  ;  others  have  made  partial  trials. 


"At  Paris  a  trial  was  also  made,  but  under  special  conditions.  As  is  known,  from  1883  to  1886  a  commission,  no- 
talde  for  the  number  of  its  members  and  their  high  position  in  the  administration  and  in  science,  laid  out  a  general 
])rogramme  of  sewerage  for  tiie  ca])ital  of  France.  Desiring  to  inform  itself  of  the  several  systems  before  reaching 
definite  conclusions,  it  acccijted  a  jiroposition  of  Colonel  Waring's,  represented  by  Mr.  Poi'tzen,  civil  engineer,  foi  an 
experimental  sewerage.  These  sewers  had  to  be  laid,  not  in  the  ground  as  at  Memphis,  but  in  an  old  sewer  of  bad 
section  and  little  fall,  the  sewer  of  the  Rue  Vieille-du-Temple  ;  secondary  branches  were  carried  to  receive  the 
wastes  of  public  establishments,  schools,  and  markets.     The  total  length   of    the  system  was   less   than    1    kilometre, 
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exactly  725  metres.  The  diameter  of  the  pipes  was  0.052  metre  ;  the  falls  varied  from  0.003  to  0.0197  per  metre. 
Pipes  were  partly  placed  on  hooks  fixed  in  the  walls  of  the  sewer,  and  i)artly  built  into  the  masonry  ;  a  short  line, 
only  135  metres,  was  laid  in  the  ground  under  the  sidewalk  of  the  Rue  des  Quatre-Fils. 

"At  each  crossing  of  public  sewers  the  line  had  to  be  carried  in  inverted  siphons,  with  a  ventilating  siphon  over- 
head giving  a  communication  to  the  atmosphere  of  the  two  parts  ;  the  main  sewer  discharged  in  one  of  the  large  col- 
iecteurs  of  Paris,  the  sewer  of  the  Rue  de  Rivoli,  with  a  hydraulic  seal.  It  was  ventilated  by  the  soil-pipes  of  the 
latrines  of  the  two  schools  and  of  a  public  market,  and  by  two  special  air  inlets  placed  near  the  sidewalks.  Seven 
Field's  flush-tanks,  having  a  capacity  of  0.425  to  0.700  metre,  were  placed  at  different  points  of  the  sewers,  in  addition 
to  the  small  flush-tanks  of  the  latrines.  They  use  about  16  cubic  metres  of  water  per  day.  Mr.  Pontzen  thinks  that 
we  might  if  necessary  get  on  with  5  reservoirs  with  a  daily  consumption  of  7.300  cubic  metres.  No  private  houses  are 
connected  with  the  sewers  ;  they  accommodate  in  two  schools  a  population  of  about  1,700  children,  who  remain  in 
these  establishments  only  during  the  morning  and  afternoon.  The  latrines  of  the  market  Des  Blancs-Manteaux  are 
also  connected  with  the  sewers. 

"The  expenses  of  construction  reached  60,569  francs,  of  which  12,101  francs  were  for  the  preparation  of  the 
latrines,  and  48,468  francs  for  work  in  the  public  streets — that  is,  for  the  sewerage,  an  outlay  of  68.85  francs  per 
metre  all  told.  The  sewerage  proper  cost  when  built  into  the  masonry  55  francs  ;  on  the  hooks  the  cost  was  much 
reduced  and  fell  to  about  35  francs.  This  cost,  which  is  very  high,  includes  the  work  of  repair  of  the  masonry  of  the 
sewer  in  the  neighborhood  of  the  pipes.  It  was  inevitable  in  the  situation  in  which  Mr.  Waring  found  himself  in 
Paris — that  is,  in  old,  defective  sewers,  of  which  the  new  system  was  to  obviate  the  necessity  for  reconstruction  or  repair. 
The  system  has  worked  thus  far  on  a  very  restricted  scale  that  it  has  attained  passably  well.  In  the  buildings  there 
have  been  sufficiently  frequent  obstructions,  which  would  doubtless  have  been  produced  with  any  other  form  of 
traps  and  which  were  due  almost  always  to  the  carelessness  of  the  children  or  of  their  masters,  and  to  the  introduc- 
tion of  solid  and  obstructive  bodies  ;  in  other  respects,  so  far  as  the  interior  work  was  concerned,  the  system  has  no 
special  features.  It  can  be  replaced  by  any  other  water-closets.  At  Paris  the  form  of  trap  employed  by  Mr.  tar- 
ing's representative  did  not  seem  to  us  a  good  one,  inspection  being  rather  difficult  and  the  flow  being  subjected  to 
sudden  changes  of  direction  ;  but,  we  repeat,  there  is  here  nothing  special  to  the  system,  which  only  deprives  itself, 
voluntarily,  of  the  economical  and  often  abundant  flushing  that  rain-water  could  have  furnished  if  it  had  not  been 
carefully  excluded  from  the  pipes  to  be  sent  uselessly  into  the  public  sewer.  Three  or  four  times  the  pipe  placed  in 
the  sewer  has  become  obstructed,  various  articles  having  passed  the  traps  of  the  latrines  and  become  lodged  in  ihe 
pipes.  The  last  obstruction  (October,  1886)  caused  a  considerable  overflow,  which  was  the  occasion  of  lively  com- 
plaints on  the  part  of  tiie  National  Printing-Olfice,  of  which  the  cellars  were  invaded.  Removal  of  obstruction  and 
repairs  have  always  been  made  easily  enough,  the  workmen  having  access  to  the  pipes  in  the  sewers  where  they  are 
placed. 

"  The  experiment  in  Paris  is  in  fact  of  mediocre  interest  ;  it  ought  not,  it  seems,  to  be  extended.  We  think  that  it 
vi^ould  be  better  in  most  cases  to  repair  a  bad  sewer,  in  whole  or  in  part,  than  to  hang  a  pipe-server  in  it.  Also,  if  this 
proceeding  is  admissible  and  economical  in  some  particular  cases,  we  should  have  no  need  for  Mr.  Waring  to  set  up 
pipe-sewers  and  to  flush  them  with  Field's  tanks  or  others.  It  is  thus  that,  since  1S82,  we  have  constructed  in  the 
new  Hotel  de  Ville,  of  Paris,  a  complete  sewerage  that  the  inventor  had  shown  us  in  London  in  August,  1881  ;  the 
performance  has  been  thus  far  excellent.  It  is  true  that  we  have  only  one  set  of  sewers  for  storm-water  and  others, 
and  that,  independently  of  the  automatic  flushing,  our  system  carries  to  the  neigliboring  large  sewers  whatever  might 
have  had  a  tendency  to  obstruct  the  conduits  at  whatever  point  of  their  course. 


EXAMINATION    OF    THE    PRINCIPLE    OF    THE    SEPARATE    SYSTEMS,  AND    PARTICULARLY    OF    WARING  S   SYSTEM. 

"  It  is  proper  to  inquire,  in  a  general  way,  if  Waring's  System,  like  all  other  separate  systems,  is  based  on  a  sound 
idea  from  the  financial  and  hygienic  point  of  view  in  excluding  rain-water  and  so  depriving  itself  of  the  natural  wash- 
ing resulting  from  the  rainfall.  [Then  follows  the  usual  consideration  of  the  im])urity  of  street  water  and  the  ob- 
jections to  its  surface  discharge,  and  an  expres--ion  of  an  opinion  unfavorable  to  the  sejiarate  system  generally,  espe- 
cially for  the  larger  cities.] 

"Can  we,  then,  derive  no  benefit  from  Waring's  System  and  other  systems  ?  Is  it  proper  to  condemn  them  as  a 
whole  and  in  all  their  parts  ?  Must  we  use  everywhere  and  always  the  luxurious  sewers  {liixiieux  ixou/s)  of  large 
sizes  ? 

"Such  would  not  be  our  conclusion  ;  Mr.  Waring  and  the  engineers  who  have  advocated  the  separate  systems 
have  very  properly  called  attention  to  two  points  :  (i)  the  channel  for  sewage  ought  to  be  calculated  in  proportitm  to 
the  normal  flow  of  these  matters  and  not  present  exaggerated  dimensions  favoring  retardation  and  the  deposit  of 
solids  and  piisty  matters  ;  (2)  it  is  of  advantage  to  place  flush-tanks  at  different  points  of  the  system  furnishing  in 
addition  to  the  normal  flow  a  regular  discharge  that  will  insure  a  methodical  and  energetic  cleansing.  These  jjrin- 
ciples  were  certainly  known  to  hydraulic  engineers  before  the  works  of  Mr.  Waring  and  his  colleagues  ;  but  these 
have  had  the  merit  of  calling  attention  to  these  essential  qualities  of  good  drainage.  [Then  follows  a  recommen- 
dation for  the  adoption  of  the  coml)ined  system,  with  a  large  proportion  of  pipe-sewers,  as  at  Berlin,  etc.,  with  the 
special  advantage  of  this  system  as  furnishing  underground  conduits  for  water-pi|ies,  telegraph  wires,  etc.  ;  closing 
with  this  comparison  of  cost  :] 

"  We  have  recently  had  occasion  to  make  a  comparison  of  the  establishment  of  a  sewer  of  the  type  indicated  and 
of  a  pipe-sewer  0.30  metre  in  diameter,  with  flush-tanks  to  be  used  in  both  cases.  For  a  length  of  210  metres  the 
hirge  sewer  would  cost  23,500  francs  ;  while  205  metres  of  the  smaller  sew^er  cost  4,400  francs  ;  this  is  a  cost  jier  metre 
of  113  francs  for  the  large  sewer  and  of  21  francs  for  the  pipe-sewer;  the  saving  is  three-fourths  in  favor  of  the 
latter. 
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CONCLUSION. 

"  In  conclusion,  we  think  that  Waring's  System  and  the  separate  systems  in  general  are  based  on  a  hygienic  error 
in  assuming  that  storm-water  and  water  used  for- washing  the  streets — that  is,  the  water  of  the  gutters — are  not  objection- 
able and  can  be  discharged  purely  and  simply  into  the  neighboring  water-courses  ;  the  flow  of  these  waters  over  the 
public  streets  is  not  admissible,  as  tending  to  flooding  of  the  lower  quarters.  The  separate  system  implies,  therefore, 
the  costly  construction  of  a  double  system,  one  for  storm-water,  the  other  for  sewage,  etc. 

"  Appended  to  the  paper  are  two  tables  showing  the  composition  of  gutter-water,  including  the  effect  of  its 
microbes  in  liquefying  gelatine." 

Mr.  Pontzen's  paper  in  reply  to  Mr.  Durand-Claye  covers  the  technical  questions  and  the  general  principles 
involved  in  a  satisfactory  manner. 

From  the  point  of  view  of  Mr.  Durand-Claye,  an  engineer  long  connected  with,  and  apparently  contented  with,  the 
very  ineffectual  sewerage  system  of  Paris,  his  opinion  as  to  the  disadvantages  of  and  objections  to  a  separate  system 
are  natural  enough.  He  spent  the  last  and  best  years  of  his  life  in  endeavoring  to  secure  authority  to  obtain  a  suf- 
ficient area  of  land  for  the  purification  of  the  whole  f'lul  sewage  outflow  of  Paris,  being  a  relatively  small  amount  of 
its  household  wastes  and  nearly  all  of  its  street  dirt,  which  is  washed  into  the  sewers,  mainly  to  lie  there  in  the  form 
of  obstructive  deposits  until  rotted  away  or  swept  on  toward  the  outlet  by  hand  flushing. 

Were  this  street  dirt  swept  up  and  removed  instead  of  being  washed  into  the  sewers,  and  were  the  unavoidable 
sewage  wastes  carried  to  Gennevilliers  with  only  their  natural  and  proper  accompaniment  of  water,  the  area  now  in 
use  there  would  be  ample  for  the  purification  of  all  of  the  sewage  of  the  city. 

The  following  is  a  translation  of  Mr.  Pontzen's  reply  : 

"  Mr.  Durand-Claye,  in  speaking  to  you  of  AVaring's  System,  began  by  contesting  its  novelty.  It  does  not  seem 
proper  that  I  should  discuss  this  question  before  you.  As  to  the  description  that  he  has  furnished  of  Waring's  System, 
it  is  so  clear  and  exact  that  I  have  nothing  to  add  to  it. 

"  Waring's  system  is,  as  Mr.  Durand-Claye  knows,  one  of  great  simplicity.  It  is  therefore  easy  and  economical 
to  establish  and  to  maintain. 

"The  cardinal  point  of  the  arrangement  recommended  by  Mr.  Waring  is  the  separation  of  fgecal  matters  and 
household  wastes  from  r.i in- water. 

"If  he  admitted  rain-water  and  water  used  for  washing  the  public  streets,  he  could  not  give  a  small  diameter  to 
the  vitrified-pipe  sewers,  and  he  would  lose  : 

"  I.   The  advantage  of  economy. 

"  2.  The  advantage  of  a  practically  constant  concentration  or  dilution  of  the  foul  sewage  and  the  relatively  small 
a'nd  almost  constant  discharge  day  by  day. 

"3.  The  advantage  of  not  mi.xing  with  matters  that  are  essentially  putrescible  the  detritus  of  pavement  and  mac- 
adam -  that  is  to  say,  sand — which  forms  deposits. 

"Ad.  I.  Economy  is,  in  fact,  proportionate  to  the  maximum  discharge  that  the  conduit  secures.  If  storm-water 
were  admitted  it  would  no  longer  be  possible  to  use  pipes  of  4,  6,  and  8  inches  diameter  for  a  length  representing  90 
per  cent,  of  the  sewerage  of  the  town. 

"Ad.  2.  The  nearly  uniform  discharge  day  by  day,  and  the  nearly  uniform  concentration  of  the  sewage,  allow  it 
to  be  disposed  of  at  pleasure.  Without  entering  into  a  discussion  of  the  question  of  what  is  necessary  in  order  to 
render  sewage  inoffensive,  I  would  point  out  that  for  distribution  over  a  permeable  soil,  or  for  discharge  into  a  sea  or 
river,  or  for  chemical  treatment,  the  concentration  and  uniformity  of  the  discharge  give  important  facilities. 

"Ad.  3.  Sand  introduced  into  sewers  constitutes,  as  we  know,  a  great  danger,  especially  where  the  inclination  is 
not  very  great.  It  becomes  agglutinated  with  fscal  matteis  and,  whatever  may  be  the  form  of  the  sewer,  resists  the 
influence  of  flushing,  which  is  less  efficacious  in  large  sewers  than  in  smaller  pipes,  where  the  obstacle  itself  in- 
creases the  force. 

"The  adversaries  of  Waring's  System  say:  Why  not  take  advantage  of  the  water  that  the  good  God  sends 
over  a  city  to  make  it  clean  the  sewers  or  pipes  ?  At  first  sight  this  criticism  of  the  system  is  attractive.  But 
on  closer  examination  we  recognize  the  fact  that  it  would  be  very  dangerous  to  depend  on  this  cleansing  that 
comes  by  the  grace  of  God.  It  is  during  great  heats,  corresponding  generally  with  long  droughts,  that  it  is  the 
most  important  to  secure  the  rapid  removal  of  putrescible  matters.  It  is  necessary,  therefore,  that  the  arrangement 
be  such  that,  without  the  concurrence  of  rain,  the  whole  system  of  sewerage  should  be  in  perfect  operation. 
'I'he  reinforcement  furnished  by  rain  ought  not  to  be  necessary  in  a  well-ordered  system.  A  certain  advantage 
may  be  drawn  from  it  :  thus,  in  a  case  where  the  outflow  is  neither  lifted  by  ])umps  nor  suliject  to  chemical 
treatment,  there  is  admitted,  to  a  degree  which  can  be  regulated,  a  part  of  the  rain-water  falling  on  roofs.  Water 
used  for  washing  the  streets  ougnt,  for  the  reason  already  announced,  always  to  be  excluded. 

"  Waring's  System  of  sewerage  presents,  I  admit,  some  inconveniences.  Mr.  Durand-Claye  has  only  indicated 
them.     I  will  refer  to  them  more  at  length. 

"  The  sewers  are  of  small  diameter  and  may  become  obstructed.  In  the  experiment  made  in  Paris  there  have 
been  some  obstructions,  but,  as  at  Memjihis,  where  the  system  has  been  in  operation  seven  years,  giving  full  satisfac- 
tion, they  have  been  lemoved  at  small  cost  and  rapidly. 

"  As  the  population  im]jroves  in  its  habits  of  cleanliness  these  obstructions  will  become  less  frequent.  In  fact, 
;ill  traps  are  subject  to  becoming  obstructed,  and  this  has  not  prevented  the  city  of  Paris,  fortunately,  from  prescribing 
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their  abundant  use.  No  matter  how  much  we  m:iy  prescribe  or  prohibit,  the  public  will  obey  only  when  the  offence 
can  be  established  and  punished  ;  it  will  be  better  to  render  all  infractions  imiiossible.  It  was  with  a  view  to  this 
result  that  in  the  trial  of  Waring's  System  in  Paris  each  closet  was  provided  with  a  small  trap  in  enamelled  iron, 
which  will  intercept  the  air  and  prevent  ihe  introduction  of  articles  which  can  cause  obstructions  in  the  canalization. 
Those  who  throw  garbage  or  similar  substances  in  their  closets  obstruct  the  trap  only,  and  they  suffer  the  conse- 
quences themselves  without  compromising  the  working  of  the  sewers. 

"  It  is  true  that  in  one  of  the  schools  the  boys  succeeded  in  forcing  flexible  canes,  bits  of  wire,  etc.,  through  the 
trap,  and  that  caused  the  obstructions  referred  to,  but  in  general  carelessness  is  more  to  be  considered  than  malice, 
and  I  regard  the  operation  of  these  traps  as  very  satisfactory.  In  countries  where  habits  of  cleanliness  are  more 
general  this  class  of  trap  need  not  be  used.  In  the  United  States,  for  instance,  where  this  system  is  much  useH,  they 
do  not  have  recourse  to  them,  and  drains  are  used  which  are  only  four  inches  in  interior  diameter. 

"  Another  inconvenience  of  Waring's  System  to  which  Mr.  Durand-Claye  gives  weight  is  its  failure  to  secure 
the  underground  removal  of  storm-water.  1'his  is  an  inconvenience  only  if  the  length  of  street  supplied  with  the 
pipes  of  this  system  alone  is  very  considerable,  and  if  the  gutter-waters  are  very  impure.  Mr.  Durand-Claye  considers 
water  used  for  washing  the  streets  as  very  impure,  and  in  support  of  this  opinion  he  furnishes  analyses  of  this  water. 
Without  discussing  the  value  of  these  analyses,  and  especially  of  the  bacteriological  examination,  I  will  call  attention  to 
the  fact  that  importance  seems  to  have  been  given  solely  to  the  number  of  the  microbes,  to  the  duration  of  the  de- 
velopment of  colonies,  and  to  the  time  that  elapsed  before  the  liquefaction  of  the  gelatine. 

''  But  that  which  gives  its  noxious  quality  to  impure  water  is  the  kind,  and  not  the  number,  of  germs.  The 
number  of  germs  found  in  water  is  not  important  if  none  of  them  is  pathogenic.  Of  what  consequence,  especially,  is 
a  more  or  less  rapid  liquefaction  of  gelatine  ?  It  has,  indeed,  never  been  said  by  bacteriologists  that  microbes  are 
more  injurious  because  they  liquefy  gelatine  more  rapidly  ;  and  to  cite  only  the  microbe  of  typhoid  fever,  tlie  one 
most  to  be  feared  of  all  that  have  been  found  in  water,  it  never  liquefies  its  culture  medium. 

"The  impurity  of  the  water  used  in  washing  the  streets  of  Pans  is  to  be  explained  chiefly  by  the  fact  that  it  is 
used  for  the  removal  of  mud  and  du^t.  If  the  removal  of  all  sweepings  were  done  independently  of  washing,  this 
water  would  never  be  so  impure  as  that  which  Mr.  Durand-Claye  had  analyzed,  and  it  might,  without  inconvenience, 
be  admitted  to  rivers  traversing  cities,  thus  materially  reducing  the  volume  delivered  by  the  gutters  into  the  sewers 
during  rains. 

"  The  major  part  of  our  streets  have  already  sewers  which,  without  meeting  the  exigencies  of  foul  sewerage,  may 
serve  perfectly  to  receive  rain-water  and  the  water  used  in  washing  the  streets.  In  formulating  the  project  for  the 
sewerage  of  the  city  of  Havre  I  provided  for  this  utilization  of  the  existing  sewers.  Rain-water  and  the  wash-water 
of  the  streets  are  carried  away  by  the  sewers,  which  they  reach  after  a  short  course  in  the  gutters,  \\  hile  the  foul 
drainags  of  houses  is  received  into  vitrified  pipes  laid  either  in  the  sewers  or  in  the  soil. 

"  The  great  advantage  of  Waring's  System,  as  appears  from  the  above  description,  is  to<be  found  in  its  economy. 
The  high  figures  cited  by  Mr.  Durand-Claye,  and  uhich  apply  to  the  trial  made  in  Paris,  relate  to  special  circum- 
stances— that  is  to  say,  to  difficulties  wilfully  created. 

"  However  the  authorities  of  a  city  may  be  convinced  of  the  utility  of  sewerage,  the  question  of  cost  frequently 
deters  them,  and  causes  them  to  postpone  even  the  most  urgent  improvements,  if  they  exceed  the  fiscal  resources  of 
the  place.  Waring's  System  does  not,  I  confess,  suppress  the  flow  of  rain-water  through  the  uncovered  gutters,  but  it 
withdraws  all  danger  to  the  salubrity  of  a  locality.  When  the  financial  resources  will  permit,  such  a  place,  which  has 
been  limited  to  the  protection  of  the  health  of  its  inhabitants,  can  later  complement  these  installations  of  first  utility 
by  those  of  luxury.  From  time  to  time  subterranean  storm-water  conduits,  to  receive  a  certain  amount  of  this  water, 
may  be  constructed,  and  so  reduce  the  importance  of  this  objection  to  the  system. 

"What  I  have  said  in  favor  of  Waring's  System  is  far  from  being  an  attack  on  the  combined  system,  projected 
and  applied  with  so  much  sagacity  and  science  by  my  eminent  friend,  Mr.  Durand-Claye.  I  have  not  ventured  to 
discuss  with  him  this  subject,  which  he  understands  better  than  any  one  else.  My  only  aim  has  been  to  set  forth  the 
valuable  features  of  Waring's  System  without  hiding  its  weaknesses. 

"  Tliis  system  is  of  moderate  cost,  whether  in  construction  or  for  maintenance,  and  1  think  that  it  merits  a  little 
place  at  the  side  of  that  grand  method  called  the 'combined  system,' which  is  open,  if  they  wish,  to  the  use  of 
localities  privileged  by  their  wealth  and  their  situation. 

"  What  it  most  interests  me  to  see  everywhere  is  the  suppression  of  all  vaults  and  cesspools,  the  introduction  of  abun- 
dant water  in  connection  with  closets,  and  the  immediate  removal  of  excremental  matters  beyond  the  confines  of  towns. 

"  Waring's  System  has  seemed  and  still  seems  to  me  to  offer  to  towns  which  are  in  defective  condition  a  method 
for  availing  themselves  of  the  advantages  set  forth  in  this  programme.  It  can  be  applied  either  in  the  whole  extent 
of  a  town  or  in  certain  of  its  quarters.  It  is  susceptible  of  being  complemented  Isy  the  addition  of  sewers  for  the 
removal  of  storm-water.  If  it  is  to  be  rejected  because  it  does  not  respond  to  all  of  the  exigencies  of  luxury,  I  think 
it  may  be  said  that  the  better  is  an  enemy  of  the  good." 

Mr.  Pontzen  has  sent  me  the  following  extracts  from  letters  written  in  February  and  May,  1885,  by  Mr.  A.  Ves- 
covali,  Chief  Engineer  of  the  Municipal  Service  of  Rome  : 

"...  You  ask  my  o])inion  of  Waring's  System  I  reply  that  I  consider  it  excellent  and  preferable  in  practice  to 
all  of  the  more  or  less  com]ilicated  systems  that  have  been  devised  in  these  later  times.  I  have  jiroposed  an  applica- 
tion at  Rome,  but  the  municijial  administration  do  not  care  to  hazard  a  change  from  the  old  combined  system  that  we 
have  had  since  the  ancient  Romans.  This  system  is,  in  fact,  very  good  for  us,  because  we  have  an  abundant  water- 
supjily  which  we  can  use  without  stint  ;  but  in  the  new  quarters  I  think  it  would  be  well  to  adopt  Waring's  System 
with  all  its  flush-tanks.  This  system  would,  in  my  opinion,  he  excellent  if  vou  could  deliver  its  outflow  at  a  distance 
in  the  sea,  as  you  propose,  but  that,  perhaps,  would  be  difficult  for  want  of  fall." 
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"  I  still  think  it  is  preferable  to  all  mechanical  systems  wherever,  because  of  insufficient  water,  the  combined  can- 
not act  efficiently.  I  am  a  declared  partisan  of  the  combined  system,  which  is  the  system  used  in  Rome  since  its  foun- 
dation. Our  old  and  very  imperfect  sewers  are  a  proof  of  the  goodness  of  the  system,  because,  with  the  abun- 
dant streams  of  water  flowing  tlirough  them,  they  are,  in  spite  of  their  imperfections,  free  from  objection  and  produce 
no   bad  odor. 

"  In  the  new  quarters,  on  the  contrary,  although  the  sewers  are  better  constructed  and  on  a  much  better  system, 
the  odors  are  very  troublesome.     You  know  we  have  had  to  have  recourse   to   periodic  flushings  with  Field's  siphon." 

Waring's  system  of  sewerage  has  commended  itself  to  the  engineering  profession  and  to  the  authorities  of 
towns  to  a  very  considerable  extent.  'J"he  English  restricted  system  has  never  been  able  to  make  headway  in  this 
country.  The  Memphis  demonstration  was  made  in  1880;  since  that  time  the  system  has  been  carried  out  in  the 
following  towns  : 

Keene,  N.  H.  ;  Chelsea,  Mass.  ;  Pittsfield,  Mass.  ;  Lenox,  Mass.  ;  Stamford,  Conn.  ;  Round  Lake,  N.  Y.  ;  Sche- 
nectady, N.  Y.;  Corning,  N.  Y.;  Mount  Holly,  N.  J.;  East  Orange,  N.  J.;  Long  Branch,  N.  J.;  Englewood,  N.  J.; 
Newcastle,  Pa.;  Wilkesbarre,  Pa.;  Norfolk,  Va  ;  Pensacola,  Fla.;  Birmingham,  Ala.;  Decatur,  Ala.;  Memphis,  Tenn. 
(extended);  East  Liverpool,  O. ;  Kalamazoo,  Mich.;  Lincoln,  Neb.;  Omaha,  Neb.;  Wichita,  Kas.;  Pueblo,  Col.;  Fort 
Smith,  Ark.;  Shreveport,  La.;  Little  Rock,  Ark.;  Pullman,  111.;  Aberdeen,  Neb.;  Santa  Barbara,  Cal;  San  Diego, 
Cal.;  Coronado  Beach,  Cal.;  Alameda,  Cal.;  San  Bernardino,  Cal.;  Riverside,  Cal.;  El  Paso,  Texas;  Leavenworth,  Kas. 

Plans  have  been  made,  but  not  yet  executed,  for  the  following  places  : 

Laconia,  N.  H.;  Athol,  Mass.;  Westboro,  Mass.;  Passaic,  N.  J.;  Charleston,  S.  C;  Savannah,  Ga.;  Nashville, 
Tenn.;  Owensboro,  Ky.;  Wyoming,  O.;  Danville,  111.;  Springfield,  Mo.;  Kingston,  Iowa;  Emporia,  Kan.;  Sacra- 
mento, Cal.;  San  Luis  Obispo;  Stockton,  Cal.;  Seattle,  Wash  ;  Kingston,  Island  of  Jamaica. 

In  his  testimony  as  expert  in  the  case  of  Drainage  Construe! ion  Company  versus  the  City  of  Chelsea,  Mr.  Charles 
H.  Latrobe,  C.E.,  of  Baltimore,  said  : 

"  With  reference  to  the  mixed  system  of  sewerage,  such  as  I  regard  Tottenham  to  be,  it  may  be  said  that,  in  di- 
rect proportion  to  the  amount  of  storm-water  provided  for,  it  fails  to  meet  the  requirements  of  a  perfect  sewage- 
machme.  In  other  words,  the  introduction  of  roof  or  yard  water,  wiih  the  amount  of  rubbish  of  one  kind  or  another 
which  it  always  contains,  and  the  air,  in  a  state  of  greater  or  less  compression,  which  is  always  carried  down  roof- 
leaders,  is  simply  the  introduction  of  a  disturbing  element  which  renders  the  smooth  and  regular  action  of  the  system 
a  matter  of  impossibility.  The  variable  quantity  of  storm-water  introduced  into  the  system  by  even  a  limited  number 
of  roofs  and  yards  might  cause  great  trouble  by  the  introduction  through  back-pressure  of  noxious  and  dangerous 
gases  into  the  houses  connected  with  the  system,  whilst  during  long-continued  droughts  the  dead  ends  of  the  system 
would  become  foul  for  want  of  frequent  cleansing.  Again,  the  use  of  flushing-water  introduced  into  the  dead  ends 
of  the  system  by  hand  cannot  be  said  to  take  the  place  of  the  automatic  flushing-tank  which,  by  the  regularity  and 
frequency  of  its  discharge,  and  by  the  large  body  of  water  precipitated  into  the  dead  end  of  the  sewer,  sweeps  out 
with  one  rush  any  chance  accumulation  of  filth,  thus  correcting  any  irregularities  of  surface  or  of  grade. 

"To  sum  u|i,  it  m.iy  be  said  that  the  strictly  separate  system,  as  illustrated  in  the  Waring  patent  of  1883,  presents 
the  most  clearly  economical  and  efficient  machine  ever  devised  for  the  removal  of  sewage  from  the  houses  and  manu- 
factories of  any  city  or  town,  from  the  moment  it  enters  from  the  house-pipes  until  it  reaches  the  outfall,  at  which 
point  it  may  be  said  to  be  in  the  most  perfect  condition  either  for  use  agriculturally  or  chemically,  or  for  disposal  as 
waste  into  any  available  body  of  water,  thus  proving,  as  before  stated,  that  this  system  may  be  regarded  as  a  well- 
devised  and  efficient  machine  for  the  removal  of  wastes,  in  which  the  water-supply  may  be  considered  as  the  motive 
power,  whilst  the  autonv.itic  flushing-tanks  may  be  regarded  as  the  regulators,  governors,  and  conservators  of  energy 
to  this  machine,  and  measurably  storing  the  force  which  shall  equalize  the  prime  motive  power  represented  by  the 
ordinary  flow  as  it  varies  within  certain  limits  from  hour  to  hour. 

"  Again,  the  amount  of  energy  imparted  to  the  machine  by  the  flush-tanks  is  certainly  under  control,  as  their 
discharge  can  be  made  more  or  less  copious  and  more  or  less  frequent  as  needed  in  any  one  district  by  regulating  the 
capacity  of  the  tank  and  the  rapidity  of  its  supply. 

In  neither  the  mixed  nor  combined  systems  can  there  be  any  such  regularity  or  certainty  of  action  as  will 
warrant  calling  either  of  them  an  efficient  and  well-regulated  machine  for  the  ])urpose  specified,  namely,  the  speedy  and 
unobjedionabU  i-enwval  of  zvaier-borne  filth,  and  its  delivery  as  a  substantially  uniform  product  at  such  a  point  as  is  desired, 
and  in  a  condition  capable  of  treatment  in  a  uniform  manner  by  a  utiiform  plant,  whether  chemical,  mechanical,  or  otherwise. 
Interrof^atory :  How  can  the  introduction  of  any  amount  of  storm-water  cause  back-pressure  in  the  house  pijjes  ? 
Answer  :  By  filling  the  sewers  with  the  mixture  of  air  and  water  peculiar  to  ihe  vertical  rain-leaders  of  houses  ; 
the  flow  is  checked  by  the  ebullition  of  the  imprisoned  air,  and  the  branch  sewage-pipes  from  the  houses  choked  by 
the  pressure  of  the  contained  air,  which  drives  back  through  the  fixtures  into  the  houses.  As  an  example  of  the 
above  effect  I  would  state  that,  previous  to  the  building  of  the  sewers  at  Providence,  R,  I.,  it  had  been  thought  that 
the  emptying  of  branch  sewers  into  a  main,  from  [joint  to  point,  at  high  rates  of  vi  locity  would  so  stimulate  the 
current  in  the  main  as  to  enable  it  to  take  care  of  its  affluents  without  trouble.  The  opposite  of  this  has  juoved  true. 
In  a  district  where  the  branch  sewers  have  a  very  steep  inclination  the  main,  though  proportioned  correctly  according 
to  theory,  has  been  known  to  gorge  in  four  minutes  after   water  began   to  run   in  the  gutters,  although  the  junctions 
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were  all  laid  on  a  radius  of  forty  feet.  I  think  this  arises  principally  from  the  fact  that  the  rush  of  water  from  the 
branches  and  roof-leaders  imprisons  the  air  in  the  main,  which,  having  no  sufficient  means  of  escape,  is  mingled  with 
the  water. 

"This  bubbling  mass  thus  arises  in  the  man-holes  until  the  air  escapes  and  sufficient  hydraulic  head  is  established 
to  solidify  and  establish  the  current,  when  the  main  frees  itself.  The  force  of  the  air  under  such  circumstances  has 
been  so  great  at  times  that  man-hole  covers  have  been  blown  from  their  seats  in  Biooklyn,  N.  Y. 

"///A  .•  When  did  you  first  hear  of  any  form  of  the  Waring  system  ? 

"A//S.  :  In  1880. 

"  //it :  Had  you  before  tliat  time  ever  known  of  a  purely  separate  system,  such  as  you  have  described,  which  was 
regulated  by  flush-tanks  ? 

"  A//S.  :  No. 

"Int.  :  What  were  your  impressions  when  you  first  learned  of  the  Waring  system  ? 

"Alts.:  My  impressions  were  decidedly  unfavorable. 

"/«/..■  Why? 

"A/IS. :  Firstly,  because  I  was  not  at  all  convinced  that  the  small-pipe  system  could  be  kept  clean.  Secondly,  I 
was  uncertain  as  to  what  could  be  done  with  storm-water,  and,  being  influenced  by  the  engineering  traditions  of  the 
past  and  the  great  bulk  of  literature  on  the  subject,  clung  lo  the  apparent  necessity  of  providing  conduits  to  get  rid  of 
not  only  the  sewage  proper,  but  the  storm-water  also.  These  were  the  main  objections  to  my  looking  favorably  on 
the  system  as  it  was  first  presented  to  me. 

" /«/.  .•  Have  you  changed  your  opinion  since  ?  and  if  so,  what  has  led  you  to  do  ii  ? 

"  Ans.  :  I  have  changed  my  opinion,  and  for  tlie  following  reasons:  During  the  early  part  of  1881  I  visited 
Brooklyn,  Providence,  and  Memphis,  as  embodyir.g  such  e.\amples  of  the  combin-d  and  separate  systems  of  sewerage 
as  would  enable  me  to  arrive  at  a  proper  conclusion  as  to  their  respective  merits.  The  Memphis  system  was  at  the 
time  attracting  a  great  deal  of  notice  as  being  the  most  important,  if  not  the  only,  e.xample  of  a  strictly  separate 
system,  and  also  as  being  an  entirely  new  departure  from  previous  plans,  and  consequently  a  subject  of  great  interest 
to  engineers.  It  formed  the  subject  of  formal  discussion  at  meetings  of  various  societies  of  ergineers  both  in  this 
country  and  England.  It  had  been  adopted  by  the  authorities  of  Memphis  principally  on  account  of  its  great 
economy  and  the  faith  of  its  projector.  Colonel  Waring,  in  the  results  to  be  attained. 

"Accompanied  by  Major  Humphreys,  the  engineer  in  charge,  I  examined  the  action  of  the  flush-tanks,  which  I 
found  discharged  with  the  most  perfect  regularity,  being  under  complete  control  as  to  the  amount  of  water  used.  I 
also  examined  personally  into  the  condition  of  the  main  and  outlet  sewers,  both  of  the  fifteen-inch  pipe  and  the 
twenty-inch  brick  sewer.  The  sewers  were  running  at  the  time  of  my  inspection  three-fourths  full  with  a  swift 
current.  Nothing  solid  could  be  detected,  not  even  paper,  in  the  flow.  Nor  was  it  in  the  least  offensive.  This 
condition  existed,  I  was  told,  as  a  rule  in  all  parts  of  the  system  I  also  measured  the  flow,  and  was  astonished  at  its 
regularity  My  conclusions  were  that  the  Memphis  system  answered  fully  the  purpose  for  which  it  was  intended,  and 
which  is  primarily  the  object  of  all  sewerage  systems,  but  which  seemed  to  me  to  be  attained  more  perfect!)'  in  this 
case  than  in  any  other  I  had  ever  known  of — viz.  :  to  carry  off  domestic  and  industrial  wastes  with  rapidity  and 
without  offence  to  their  destination.  So  regular  and  rapid  was  the  flow  through  the  ])ipes  "f  the  Memphis  system 
that  no  time  was  given  for  putrefaction  to  take  place  between  the  time  at  which  the  waste  products  entered  the  system 
and  were  delivered  into  Wolf  River. 

"  Ii/i. :  Did  you  ever  hear  of  the  use  of  a  flush-tank  in  connection  with  a  system  of  sewerage  before  you  were 
informed  of  the  present  Memphis  system  ? 
"  Ans.  :  I  never  did. 


"////.  .•  When  did  you  first  hear  of  the  mixed  or  so-called  separate  system  of  sewerage? 

"  A /IS.  :  I  may  have  heard  of  it  before  1880,  but  I  could  not  say  definitely  that  I  heard  of  it  before  1880. 

"  ////.  .•  What  difference  is  there  between  the  flush  caused  by  the  discharge  of  a  flush-tank  and  the  so-called  flush 
caused  by  the  introduction  of  roof-water  into  a  sewer  ? 

"A/IS.  :  The  flush  caused  by  the  introduction  of  rain-water  leaders  into  the  sewer  is  constant  in  its  flow  during 
the  continuance  of  the  storm,  and  dependent  u|:)on  its  intensity.  The  flush  from  the  automatic  flush-tank,  on  the  con- 
trary, is  sudden  and  violent. 

"  I//t.  :  What  do  you  consider  as  the  rate  of  maximum  rainfall  which  may  be  expected  during  a  summer  season  ? 

"  A/ts.  :  I  would  say  one  inch  per  hour  ;  to  sustain  which  opinion,  I  would  state  that  President  Caswell,  of  Provi- 
dence, R.  I.,  who  kept  an  accurate  record  of  storms  extending  over  a  period  of  26  years,  mentions  (see  J.  H.  Shedd's 
report  of  1874  on  the  sewers  of  Providence,  R.  I.)  but  two  such  rainfalls  (that  is,  of  one  inch  per  hour)  in  185  storms. 

"////.  .•  Assuming  one  inch  per  hour  as  the  probable  maximum  rainfall  to  be  expected,  what  proportion  would  the 
flow  from  the  roof  of  a  house  25  by  50  feet  in  size,  or  1,250  feet  in  area,  during  such  a  storm  bear  in  time  and  quan- 
tity to  the  discharge  of  an  automatic  flush-tank,  with  a  capacity  of  160  gallons,  discharging  in  about  55  seconds? 

"Alls.  :  Taking  as  a  basis  the  fact  that  the  flush-tank  discharges  its  160  gallons  into  the  sewer  in  55  seconds,  let 
us  see  what  amount  of  water  will  be  discharged  into  the  sewer  by  the  above-described  roof  within  the  same  period  of 
time  during  the  above-assumed  maximum  rainfall  of  one  inch  per  hour.  The  house,  having  a  roof  area  of  1,250  feet, 
will  discharge  in  one  hour  104  cubic  feet,  or  780  gallons,  and  in  55  seconds  i2^W  gallons  Thus,  whilst  the  flush- 
tank  throws  into  the  sewer  160  gallons,  the  roof  only  yields  12^^^  gallons;  nor  does  the  fact  that  a  supply  from  the 
roof  may  continue  at  that  rate  for  an  hour  better  the  case,  as  it  is  the  suddenness  and  violence  of  the  discharge,  and 
not  its  continuity,  which  does  the  work." 
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Mr.  James  J.   R.  Croes,  C.E.,  an  expert  in  the  same  suit,  said  in  his  testimony  : 


"Am.:  I  understand  the  claim  of  the  patent  lo  be  for  the  combination  of  (<r)  sewers  for  the  conveyance  of 
house  wastes  only,  excluding  storm-waters,  with  (/;)  means  for  automatically  introducing  into  such  sewers  at  stated 
intervals  sudden  discharges  of  water  in  quantities  sufficient  to  flush  out  any  substances  which  might  otherwise  lodge 
in  the  .^ewers,  the  sudden  flush  of  water  producing  a  more  rapid  current  than  could  be  produced  by  the  ordinary 
flow  of  the  house  sewage. 

"  Int.  :  Do  you  know  whether  or  not  such  a  combination  existed  before  the  date  of  the  Waring  invention  ? 

"  Ans.  :  I  have  never  heard  of  such  a  combination  having  been  used  or  suggested  for  the  purposes  of  town 
sewerage  before  Colonel  Waring  invented  it. 

"  Int.  :  What  do  you  consider  the  advantage  of  an  automatic  and  periodic  flushing  of  sewers  ? 

"  Ans.  :  A  periodic  flushing  of  sewers  is  of  great  importance  in  removing  substances  which  may  become  corrupt 
and  offensive,  and  any  contrivance  by  which  this  flushing  can  be  effected  automatically  is  safer  than  depending  upon 
the  work  being  done  by  direct  human  agency." 
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APPENDIX  D. 

THE  SEWERAGE  OF  KINGSTON,  JAMAICA. 

'N    the   summer   of    1887    I    was   called    to    Jamaica   to    investigate   the   condition   of    the   city   of   Kingston 
,     and    recommend    a    system    for    its    sewerage. 
I   submitted   the   following   report  : 


"  To  the  Mayor  and  Council  0/  Kingston  . 


GENERAL    CONSIDERATIONS. 


"  The  question  of  underground  drainage  in  tropical  countries  has  been  much  discussed,  and  the  application  of  a 
system  that  has  been  used  with  comparative  impunity  in  Northern  towns  has  proved  disastrous  under  more  torrid 
conditions. 

"  Engineers  and  sanitarians  are  inclining  more  and  more  to  the  belief  that  it  is  rarely,  if  ever,  expedient  to 
dilute  sewage  with  storm-water,  and  to  befoul  storm-water  with  sewage,  in  the  attempt  to  remove  both  by  the  same 
underground  channel.     Neither  now  doubts  the  absolute  impropriety  of  applying  this  system  in  places  like  Kingston. 

"  It  is  not  worth  while  now  to  discuss  the  reasons  for  this  conviction.  They  seem  to  be  entirely  sound,  and  they 
must  lead  to  the  conclusion  that  the  sewers  of  London  and  New  York  would  be  a  great  source  of  danger  here. 

"  The  drainage  question  involves,  in  your  town  as  elsewhere,  two  ])ropositions  : 

"  I.  The  removal  of  storm-water  in  such  a  way  as  to  prevent  injury  to  public  or  private  property  ;  and 

"  2.  The  removal  of  all  wastes  of  human  life  which  are  capable  of  transportation  in  water,  completely  and 
quickly,  to  a  safe  point  of  ultimate  disposal. 

"  Concerning  the  first  proposition,  which  has  not  been  submitted  to  me,  I  would  merely  observe  that  storm-water 
had  better  be  kept  on  the  surface  of  the  streets  so  far  as  these  may  be  made  to  carry  it  without  serious  disadvantage  ; 
and  that  when  it  becomes  necessary  to  carry  it  under  ground  it  should  be  kept  as  free  as  possible  from  organic  con- 
tamination, should  flow  in  perfectly  ventilated  channels,  and  should  be  so  regulated  that  it  will  convey  completely  to 
the  outlet  everything  that  it  may  have  carried  into  the  sewer.  Storm-water  sewers  should  be  limited  to  what  is 
needed  to  remove  fl  )ods  from  points  where  they  accumulate  to  an  injurious  extent  ;  they  should  be  as  open  as  pos- 
sible, either  channels  with  grated  covers  or  pipes  witli  very  frequent,  untrapped  mXti?,  ;  they  should  be  so  true  in  grade 
and  form  and  so  smooth  in  surface  that  they  will  be  swept  clean  by  their  own  flow  ;  and  especially  should  they  be 
free  from  all  deposit  during  the  interval  between  storms.  In  my  opinion  a  storm-water  sewer,  especially  in  such  a 
climate  as  this,  should  receive  no  house- wastes  "f  any  kind. 

"  The  second  proposition,  with  the  consideration  of  which  I  am  especially  charged,  is  the  one  that  has  given 
such  vital  sanitary  interest  to  the  subject  of  drainage  the  world  over.  The  effect  aimed  at  is  a  very  radical  one,  and 
it  is  by  no  means  always  achieved  when  sought.  It  is  nothing  less  than  t/ie  suppression  of  all  organic  putrefaction 
within  the  town  area. 

"  Human  life  and  industry  involve  the  consumption  of  enormous  amounts  of  organic  matter.  Once  used,  this 
matter  is  rejected  as  waste.  Some  of  it  is  mere  raw  rubbish  ;  some,  from  its  more  highly  organized  condition,  is 
especially  prone  to  corruption  ;  and  some,  hnving  undergone  the  process  of  digestion,  is  on  the  \  ergf  of  ultimate  de- 
composition. Nature  claims  all  of  this  matter  for  her  own,  and  she  is  very  heedless  of  the  incidental  effects  of  the 
jjrocesses  by  wiiich  she  restores  it  to  its  ne.xt  condition  of  plant  food.  She  has  furnished  her  supply  to  the  human 
family  with  great  profusion,  but  she  leaves  the  human  family  to  look  out  for  itself  when  the  time  for  final  dissolution 
comes.  She  is  very  careless  as  to  time  and  place,  and  she  is  fast  bent  on  the  accomplishment  of  her  own  work  of 
disorganizntion.  She  marshals  her  army  of  putrefactive  bacteria  wherever  dead  organic  matter  falls,  and  reduces  all 
such  waste  to  its  fertilizing  elements. 

"This  is  a  very  wise  and  a  very  wholesome  provision.  So  soon  as  the  power  of  life  lets  go,  the  power  of  death 
takes  hold,  and  the  cycle  of  production,  consumption,  destruction,  and  new  production  never  ends.  Unfortunately 
for  us,  the  destructive  processes  of  this  cycle  are  often  most  injurious  to  our  liealth,  and  we  have  only  lately  begun  to 
realize  this  vitally  important  fact.  Very  large  elements  of  the  community  have  still  no  conception  of  it.  It  is  to  a 
very  great  degree  to  the  effect  of  this  natural  jirocess  that  we  have  to  look  for  the  source  of  preventable  disease  and 
death.  The  sick-rate  and  the  death-rate  will  be  much  reduced  when  we  adequately  appreciate  the  influence  of 
putrefying  filth  on  our  health. 

"  The  formula  is  a  very  simple  one  :  Tlie  decomposition  of  organic  waste  is  an  unsafe  accompaniment  of  human 
life — all  organic  waste  is  doomed  to  decomposition — consequently,  all  organic  waste  should  be  removed  from  the 
vicinity  of  human  habitations  before  its  decomposition  begins. 
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"  If  you  will  examine  the  condition  of  your  own  city,  you  will  recognize  the  fact  that  most  of  your  wastes  un- 
dergo their  decomposition  in  your  midst.  Some  organic  matter  is  carried  away  in  suspension  in  your  surface-drain- 
age, but  I  know  few  places  of  the  size  of  Kingston  where  local  putrefaction  is  so  rife  and  so  universal. 

"  This  condition  must  be  absolutely  changed  if  you  would  reap  the  full  benefit  of  your  most  salubrious  site  and 
surroundings.  You  must  provide  for  the  immediate  and  complete  removal  of  all  your  wastes  as  fast  as  formed. 
There  is  but  one  way  in  which  this  can  be  well  and  economically  done  ;  that  is  by  transportation  in  running  water. 
None  of  the  processes  of  tub  closets  and  earth-closets  will  accomplish  it.  This  will  be  understood  when  we  reflect 
that  the  kitchen  sink  produces  wastes  which,  after  putrefaction,  will  fully  equal  the  produce  of  the  water-closet  in 
offensiveness,  and  will  often  exceed  it  in  quantity  ;  also,  that  we  void  much  more  solid  maltcr  in  our  urine  than  we 
do  in  our  faeces,  so  that  'house  slops'  are  often  a  more  serious  element  of  our  trouble  than  we  generally  suppose 
them    to   be. 

"  I  find  a  very  general  opinion  in  this  community  that  '  underground  drainage  '  is  dangerous  and  inadmissible. 
No  doubt  a  bad  sewer  is  a  bad  thing  in  any  climate,  and  especially  bad  in  a  hot  climate  ;  but  to  suppose  that  all 
sewers  are  necessarily  bad  argues  a  want  of  knowledge  on  the  subject  which  deprives  opinion  of  value. 

"  While  a  foul  and  iil-ventilated  sewer  is  always  a  source  of  danger,  and  much  worse  than  none  at  all,  a  well- 
planned,  well-built,  well-used,  well-ventilated,  and  well-flushed  sewer  approaches  very  near  to  sanitary  perfection.  It 
is  incomparably  better  than  any  other  agent  of  removal,  and  constitutes  the  very  high-water  mark  of  modern  sanitary 
achievement. 


SPECIFIC    RECOMMENDATIONS. 

"  It  is  a  system  composed  of  such  sewers  as  this  that  I  unhesitatingly  recommend  for  adoption  here.  Let  me 
describe  such  a  sewer  as  I  would  construct,  for  example,  in  Mark  Lane,  beginning  at  its  upper  end  and  running  to 
Port  Royal  Street,  where  the  main  sewer  may  be  located. 

"  It  would  be  m.ide  of  Doulton's  vitrified  pipes  of  the  best  quality,  six  inches  in  interior  diameter,  with  large 
sockets.  The  spigot  end  of  the  pipe  being  passed  to  the  bottom  of  the  socket,  a  gasket  of  oakum  would  be  packed 
into  the  lower  part  of  the  joint,  so  as  to  hold  the  pipes  concentric  and  to  prevent  the  cement  with  which  the  joint  is 
filled  from  intruding  into  the  pipe.  The  main  body  of  each  pipe  would  lie  on  the  accurately  graded  bottom  of  the 
trench,  a  hole  being  made  to  receive  each  socket.  The  cement  wuuld  be  firmly  pressed  into  the  socket,  fillmg  it  full 
all  around.  The  refilling  of  the  trench  would  be  carefully  done,  so  that  the  pipes  would  not  be  displaced  nor  the 
joints  disturbed.  There  would  thus  be  provided  a  continuous  conduit,  straight,  smooth,  and  tight,  from  one  end  of 
the  lane  to  the  other.  Its  length  would  be  5,150  feet,  'i'he  total  fall  ot  this  sewer  would  be  about  105  feet,  or  an 
average  fall  of  i  in  49.  The  lowest  inclination  would  be  between  Port  Royal  Street  and  Barry  Street,  where  it  would 
be  at  the  rate  of  about  i  in  80.  The  capacity  of  a  six-inch  pipe  with  a  fall  of  i  m  80  is  46.84  cubic  feet  per  minute. 
If  the  whole  line  were  closely  built  up  on  both  sides  the  maximum  produ(  t  of  sewage  would  be  7  77  cubic  feet  per 
minute,  so  that,  at  the  maximum  rate  of  discharge  from  the  houses,  only  one-sixth  of  the  capacity  of  the  sewer  would 
be  employed.  This  would  leave  an  air  space  above  the  flow  equal  to  five-sixths  of  its  capacity,  or  more  than  three- 
founhs  of  its  sectional  area.  From  this  calculation  it  may  be  inferred  that,  as  the  slope  of  the  city  from  north  to 
soutli  is  substantially  ihe  same  in  all  its  parts,  no  greater  diameter  than  six  inches  would  be  required  in  any  of  the 
lanes. 

"  For  the  connection  of  private  drains,  the  sewer  would  be  provided  with  four-inch  oblique  branch  pieces  at  each 
side,  one  for  each  property  to  be  connected.  These  branches  would  be  inclined  slightly  upward,  so  that  their  full 
area  would  be  exposed  above  the  surface  of  the  flowing  current  and  would  be  available  for  ventilation.  The  total 
area  of  the  cross-section  of  these  ventilating  openings  would  equal  more  than  one  hundred  and  fifty  times  the  cross- 
section  of  the  sewer  itself.  On  the  average,  every  thirty  feet  of  the  sewer  would  have  a  ventilating  area  equal  to  its 
own  cross-section.  Each  private  drain  would  be  open  to  the  air  at  its  full  diameter  of  four  inches,  and  the  ventila- 
tion thus  afforded  would  be  much  more  than  ample  for  maintaining  a  perfectly  fresh  condition  of  the  atmosphere 
within  the  pipe. 

"  The  sewer,  six  inches  in  diameter,  would  receive  nothing  that  could  not  pass  through  the  four-inch  private 
drains,  and  the  liability  to  obstruction  would  be  very  slight.  All  private  drains  would  bring  in  more  or  less  solid 
matter,  and  toward  the  upper  end  of  the  sewer,  where  the  current  would  generally  be  small,  some  of  these  solids  would 
be  stranded.  If  no  provision  were  made  for  their  removal,  they  would  remain  until  broken  down  by  decomposition  ; 
they  would  become  the  seat  of  the  very  putrefaction  that  it  is  the  purpose  of  the  sewer  to  remove.  To  prevent  this, 
by  securing  the  prompt  expulsion  of  all  such  stranded  solids,  there  would  be  placed  at  the  head  of  the  sewer  an  auto- 
matic flush-tank,  filled  by  a  constant  trickling  stream  from  the  water-supply,  and  discharged  with  great  rapidity  by 
automatic  process  when  filled.  About  20  cubic  feet  of  clean  water  would  be  delivered  into  the  head  of  the 
sewer  in  less  than  one  minute.  This  delivery  would  be  repeated  at  least  every  twelve  hours,  all  stranded  matters 
being  washed  out  of  the  sewer  at  least  thus  often. 

As  it  is  possible,  in  spite  of  all  our  precautions,  that  obstructions  may  occur  at  tiuies,  and  as  it  is  always  de- 
sirable to  be  able  to  observe  the  working  of  a  sewer,  there  would  be  constructed  at  intervals  of  about  two  hundred 
feet  along  the  line  suitable  inspection  and  cleansing  i)i])es  adequate  for  these  purposes. 

'  The  private  drains  would  bring  to  the  sewer  and  the  sewer  would  remove  com])letely  and  promiUly  all  of  the 
water-borne  wastes  of  the  household.  No  roof-water  or  yard-water  would  be  admitted  ;  only  the  water  drawn  from 
the  city  ta|)S  and  its  full  freight  of  waste  matters  from  bath,  sink,  water-closet,  and  laundry. 

"  As  the  whole  sewer  is  tight  and  impervious,  everything  that  enters  it  must  jjass  completely  to  the  outlet,  none 
of  it  leaking  out  by  the  way  to  contaminate  the  ground.  The  time  occupied  in  the  transmission  of  a  foul  discharge 
from  a  house  at  Kingston  Gardens  to  the  outlet  of  the  main  sewer  would  not  exceed  three  hours. 

"Nearly  all  solids  would  be  broken  up  in  the  jiassage,  faecal  matter  would  be  completely  deodorized  by  submer- 
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sion,  no  other  element  of  the  sewage  would  have  acquired  odor — which  comes  only  with  putrefaction — and  the  whole 
effluent  would  have  only  the  characteristics  of  dirty  water. 

"  There  would  be  a  slight  sliming  of  the  walls  of  the  pipes,  but  this  would  be  decomposed  in  the  presence  of 
such  ample  ventilation  that  no  possible  offence  would  result. 

"  The  system  of  sewerage  of  which  this  Mark  Lane  line  is  a  characteristic  element  has  been  in  practical  use 
for  seven  years — beginning  with  twenty  miles  constructed  in  the  city  of  Memphis  in  1880,  since  increased  to  thirty- 
eight  miles.  It  is  now  in  use  in  many  American  towns  and  its  application  is  extending  year  by  year.  In  every  case 
it  has  satisfied  the  highest  anticipations  of  its  friends  and  has  made  friends  of  all  who  were  originally  opposed  to  its 
introduction.  In  no' case  would  even  those  who  at  the  outset  raised  a  clamor  against  '  underground  drainage  '  be 
willing  to  give  it  up. 

"It  is  worth  noting  that  Memphis  is  for  months  together  subjected  to  a  much  more  intense  heat  than  that  of 
Kingston,  and  that  a  large  section  of  its  population,  depending  on  water-closets  connected  with  the  sewers,  is  made 
up  of  plantation  negroes  of  the  lowest  class.  It  has  been  demonstrated  there  that  no  population  is  too  ignorant  nor 
too  heedless  to  be  brought  under  the  necessary  sanitary  discipline  and  control. 


MAIN    SEWER. 

"  In  the  application  of  this  sewerage  system  to  Kingston  there  is  room  for  some  variety  of  treatment,  and  the 
consideration  of  cost  seems  important  in  deciding  the  questions  of  disposal  and  alignment.  Having  a  due  regard  for 
the  various  requirements  and  limitations  of  the  situation,  I  advise  the  construction  of  a  main  sewer  beginning  in 
Rosemary  Lane  near  the  south  side  of  Tower  Street,  following  Rosemary  Lane  to  ^Vater  Lane,  Water  Lane  to  John's 
Lane,  John's  Lane  to  Port  Royal  Street,  and  Port  Royal  Street  to  West  Street,  thence  to  the  point  of  outlet. 

"  The  sewer  should  be  twelve  inches  in  diameter  from  its  head  to  East  Street.  Thence  to  Orange  S.treet  fifteen 
inches,  thence  to  some  point  beyond  West  Street,  eighteen  inches.  Where  it  passes  below  the  level  of  the  tide-water 
it  should  be  reduced  to  a  diameter  of  fourteen  inches,  as  it  would  there  run  full  and  the  reduced  size  would  be 
needed  to  maintain  a  cleansing  velocity.  It  is  possible  that  at  some  future  time  the  increase  of  population  may  call 
for  an  increase  of  capacity  in  the  main,  but  it  will  be  best  to  begin  with  the  dimensions  indicated,  and  to  lay  a  larger 
or  a  supplemental  line  only  when  the  volume  of  sewage  shall  have  become  sufficient  to  give  a  proper  velocity  of  flow 
in  the  increased  section. 

"  The  main  sewer  described  above  would  have  a  fall  of  i  in  550.  Its  capacity  to  East  Street  would  be  97.34 
cubic  feet  per  minute  ;  thence  to  Orange  Street  171.80  cubic  feet  ;    and  thence  to  West  Street  272.10  cubic  feet. 

"  I  estimate  the  maximum  flow  of  sewage  at  East  Street  at  65  cubic  feet  per  minute  ;  at  Orange  Street  at  120 
cubic  feet,  and  at  West  Street  at  166  cubic  feet.  This  estimate  is  necessarily  arbitrary,  but  it  is  probably  sufficiently 
large,  and  provision  is  made  for  a  good  ventilation  space  in  the  sewer  above  the  water-level.  Excei)t  during  the 
hours  of  greatest  flow  (in  the  morning),  this  ventilation  space  would  be  much  greater  than  the  above  figures  indicate. 

"  To  insure  the  cleanliness  of  the  main-sewer,  by  means  of  thorough  periodic  flushing,  an  automatic  flush-tank 
of  large  capacity  should  be  built  at  its  head  in  Rosemary  Lane  at  Tower  Street.  This  tank  may  be  five  feet  deep, 
ten  feet  wide,  and  twenty  feet  long — having  a  capacity  of  one  thousand  cubic  feet  (7,500  gallons) — discharged  by  a 
siphon  eight  inches  in  diameter.  It  would  receive  the  entire  sewage  from  the  district  between  Barne's  Gully  and 
East  Street  north  of  Barry  Street.  It  would  discharge  several  times  a  day,  and  its  effect  would  be  felt  throughout 
the  whole  length  of  the  main  sewer. 

"A  main  sewer  located  as  indicated  would  furnish  an  outlet  for  that  [lart  of  the  city  lying  north  of  it,  and  north 
of  Tower  Street  as  far  east  as  Barne's  Gully.  The  territory  east  of  Barne's  Gully  and  south  of  Tower  Street  and  tlie 
main  sewer  would  not  be  included.  If  the  sewage  from  all  those  districts  above  the  main  is  diverted  from  the 
present  lines  of  outflow  into  the  harbor,  the  little  that  is  produced  in  the  remaining  limited  area  can  still  flow  to  the 
harbor  without  detriment,  but  it  would  be  best  to  carry  this  sewage  in  pipe-.sewers  also,  with  iron-])ipe  extensions  to 
deep  water.     This  lower  area  cannot  be  drained  to  the  west  without  pumping. 

"  In  digging  the  trenches  for  the  lane  sewers  it  is  probable  that  much  spring-water  will  be  developed.  This 
could,  with  advantage  to  the  adjoining  property,  be  carried  in  agricultural  drain-tiles  to  the  heads  of  the  small  pipe- 
sewers  below  the  main  sewer.  It  would  serve  to  dilute  their  flow,  to  mainta'in  their  cleanly  condition,  and  to  reduce 
the  theoretical  objection  to  their  discharge  of  fresh  sewage  into  the  harbor.  That  this  objection  would  hardly  be  a 
practical  one  is  indicated  by  the  fact  that  such  a  very  large  proportion  of  the  present  sewage  of  the  whole  city, 
already  putrid,  is  so  discharged  without  producing  a  crying  evil. 


DISPOSAL    OF    THE    SEWAGE. 

"  I  have,  of  course,  given  much  attention  to  the  question  of  ultimate  disposal.  It  is  possible,  but  I  think  not 
probable,  tliat  it  may  at  some  future  day  be  found  desirable  to  resort  to  agricultural  irrigation  as  a  means  of 
purification.  It  is  not  now  to  be  recommended.  It  would  require  pumping  and  a  somewhat  costly  administration 
of  the  aft'airs  of  an  irrigation-farm.  At  the  same  time,  the  works  should  now  be  regulated  with  a  view  to  this 
possible  future  contingency,  and  this  consideration  has  influenced  me  in  adopting  an  outlet. 

"  For  present  purposes  I  recommend  the  continuation  of  the  main  sewer  to  a  jioint  on  the  shore  about  3,300 
feet  beyond  West  Street,  and  its  extension  from  that  point,  in  a  southwesterly  direction,  along  the  bottom  of  the 
harbor  to  a  depth  of  from  eight  to  ten  feet  of  water. 

"  If  the  comminuted,  fresh  sewage  is  discharged  here,  far  to  the  leeward  of  the  city  and  in  such  a  body  of  water, 
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1  am  cuiifident  that  the  result  will  be  satisfactory  for  long  years  to  .come.  The  fact  that  nearly  everything  discharged 
by  the  sewer  will  be  in  a  suitable  condition  to  feed  the  fish  and  animalculse,  and  the  manifold  vegetable  growth  of 
these  productive  waters,  would  seem  to  justify  the  hope  that  marine  sewage  farming  would  in  this;  case  solve  a 
problem  that  sorely  vexes  those  who  aim  at  a  similar  result  on  land. 

"  Should  it  in  time  become  necessary  to  jjump  the  sewage  to  a  farm,  the  line  of  the  main  sewer  will  be  found  at 
the  edge  of  an  area  well  adapted  for  irrigation. 


THE    EFFECT    OF    THE    IMPROVEMENT. 

"  It  seems  hardly  necessary  to  suggest  the  obvious  conclusion  from  these  recommendations,  which  is  :  that  a  full 
return  from  the  outlay  reciuired  for  sewering  any  city  implies  the  complete  use  of  the  sewers.  They  are  built  for  the 
single  purpose  of  obviating  that  intramural  initrefaction  that  is  such  a  constant  menace  to  the  public  health — not  a 
part  of  it,  but  the  whole  of  it.  They  fall  short  of  their  full  effect  so  long  as  a  single  cesspool  or  privy-vault  remains, 
and  the  abolition  of  the  last  of  these  should  be  insisted  on. 

"  It  is  sometimes  said  that  the  soil  of  a  cesspool  town  contains  the  accumulated  filth  of  generations  of  the 
population.  This  is  a  mistake.  The  destructive  processes  are  never  still,  and  the  seep  ige  of  the  cesspool,  although 
constantly  renewed,  is  constantly  being  destroyed.  Stop  the  new  contamination  for  a  single  year  and  you  will  find 
little  trace  of  previous  contamination.  Abandon  the  barbarous  practices  of  accumulation  and  of  surface  defilement 
which  are  so  conspicuous  and  so  universal  in  Kingston,  and  you  will  soon  find  all  evidence  gone  of  a  condition 
which,  though  you  may  now  think  it  inevitable,  you  must  nevertheless  deeply  regret. 


PLAN    AND    CONSTRUCTION 

"As  a  preliminary  to  construction,  every  part  of  the  system  should  he  accurately  worked  out.  Exact  levels 
should  be  taken  at  intervals  of  one  hundred  feet  in  all  lanes,  and  at  intervening  points  of  unusual  elevation  or 
depression.  Also  at  contiolling  points  on  cross  streets.  Also  on  the  line  of  the  main  sewer.  These  elevations 
should  refer  to  ordinary  high-water  mark. 

"  Based  on  these  elevations  a  plan  should  be  formulated  in  such  a  way  as  to  conform  to  the  natural  slopes  of 
the  ground,  equalizing  irregular  inclinations  in  the  most  economical  way  and  securing  a  good  result  at  the  least  cost 
of  excavation. 

"The  plan  should  be  accompanied  by  a  full  set  of  profiles,  showing  the  exact  grade  of  the  sewer  and  the  depth 
of  excavation  at  each  point,  with  the  relative  elevation  of  the  lateral  and  main  sewers  at  the  ])oints  <  f  intersection. 
There  should  be  working  drawings  of  all  details  and  complete  sjjecifications  for  all  parts  of  the  work. 

"  The  plans  and  specificati(.>ns  together  should  suffice  to  enable  any  engineer  experienced  in  such  work  to 
construct  the  system  complete  in  all  its  details.  To  this  end,  they  should  be  based  on  exact  levels  and  topographical 
details,  and  on  specific  information  as  to  the  requirements  of  different  jiarts  of  the  city. 

"  As  to  the  manner  in  which  it  would  be  best  for  the  city  to  proceed  in  the  actual  execution  of  the  work,  tny 
own  opinion  is  very  clear  that  it  is  the  wisest  course  to  entrust  the  technical  work  to  an  expert  engineer  receiving  a 
direct  compensation  froin  the  city  and  acting  for  it.  Under  such  management — the  engineer  holding  to  the  city  the 
'  relation  that  he  would  hold  to  a  contractor  by  whom  he  might  be  employed — it  is  the  best  and  cheapest  plan  to 
purchase  all  material  on  the  city's  own  account  and  to  employ  labor  by  the  day.  The  city  government  should  retain 
all  financial  arrangements  in  its  own  hands,  but  the  engineer  shoidd  have  absolute  authority  as  to  the  appointment 
of  inspectors  and  superintendents,  to  the  end  that  Ins  responsibility  for  good  and  economical  work  may  be  complete. 

"The  alternative  would  be  to  let  the  work  by  contract.  This  has  the  disadvantage  of  introducing  an  element  of 
private  cupidity  which  it  is  often  difficult  to  restrain.  The  contractor  has  full  control  of  the  work,  subject  to  the 
authority  of  the  engineer,  and  his  chief  interest  lies  in  the  direction  of  his  own  profit.  In  no  case  will  he  undertake 
the  construction  except  for  a  price  that  leaves  him  a  good  margin  and  a  premium  for  insurance  against  contin- 
gencies. I  have  found  in  my  own  practice  that  I  can  secure  better  and  cheaper  results  by  employing  labor  and  buy- 
ing material  for  the  city's  own  account. 

"  My  advice,  therefore,  would  be,  if  it  is  determined  to  carry  out  this  plan,  that  the  requisite  levels  and  other 
topographical  information  be  obtained  ;  that  exact  plans  and  specifications  be  prepared  ;  and  that  an  expert  engineer 
be  employed  to  attend  to  the  details  of  the  execution. 


THE   COST    OF    THE    WORK. 

'It  is  with  some  hesitation  that  I  submit  an  estimate  of  the  cost  of  the  work  proposed  in  this  report.  I  am  entirely 
unfamiliar  with  the  conditions  of  work  in  Jamaica,  and  the  following  figures  are  little  different  from  those  in  use  in  the 
United  States.  Our  labor  is  probably  more  effective  than  yours,  l)ut  we  pay  six  shillings  a  day  for  common  laborers, 
which  ought  tol)ea  fair  offset  for  the  (|uality  of  men  employed.  Tlie  rale  of  cost  of  vitrified  pipes  is  taken  from  the 
Ciovernment  Workshf)p  I'rice-List.  This  rate  can  probably  be  reduced  in  the  importation  of  the  large  quantity  that 
woidd  be  required  for  the  sewerage.  Geo.  E.  Waring,  Jr. 

"Kingston,  July  ii,  1887." 
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As  thu  authority  of  the  Crown  ofificers  was  required  for  the  raising  of  funds  for  the  work,  my  recommendations 
were  submitted  to  Sir  Robert  Rawlinson,  C.B. 

In  his  report  he  recited  the  main  features  of  my  recommendations,  suggesing  fhe  adoption  of  the  restricted 
system  as  set  forth  in  his  "Suggestions  as  to  the  Preparation  of  District  Maps  and  of  Plai-is  for  Main-Sewering  and 
House-Draining."     He  also  criticised  some  of  tiie  minor  details  of  my  recommendations. 

The  report  is  too  long  to  be  reproduced  here  in  full.  Its  most  serious  element  related  to  the  disposal  of  the 
sewage,  concerning  which  Sir  Robert  said  : 

"  DISPOSAL    OF    SEWAGE. 

"The  disposal  of  town  sewage  is  in  some  cases  a  simple  question,  whilst  in  other  cases  it  is  a  difficult  because  a 
complicated  question.  At  Kingston  it  may,  however,  from  what  I  can  see  on  tie  plan  and  learn  from  the  few  details 
furnished,  be  utilized  by  adopting  broad  irrigation,  if  land  can  be  obtained  on  reasonable  teims,  and  about  one  hun- 
dred acres  will  be  required. 

"  Sewage  has  undoubted  value  when  used  as  a  manure  where  it  can  be  disposed  of  by  flowing  on  to  land  and  used 
in  broad  irrigation.  But  where  it  is  difficult  and  costly  to  obtain  land,  and  where  pumping  has  to  be  resorted  to  in  order 
to  utdize  it,  the  cost  of  performmg  such  work  may  be  equal  to  the  pecuniary  benefit  to  be  received,  but  there  will  be 
a  clean-sea  margin  in  favor  of  the  expenditure  on  irrigation.  There  is  also  chemical  precipitation.  This,  however,  is 
always  costly  (;ibout  ^1^2,000  per  annum  for  each  million  gallons  per  day,  and  no  return),  and  can  therefore  only  be 
recommended  for  use  when  there  is  no  other  mode  of  disposal.  But  before  the  main  sewerage  of  Kingston  has  been 
completed  details  as  to  the  site  for  a  sewage-farm,  its  elevation  above  the  sea,  distance  from  the  town,  cost  of  the 
land,  and  cost  of  laying  it  out  and  of  cultivating  it  may  have  been  obtained,  when  a  reliable  estimate  can  be  made 
and  be  laid  before  the  local  authority." 

He  subjoined  the  following  : 

"conclusions  and  recommendations. 

^^Conclusions. —  i.  That  Kingston  in  Jamaica  is  without  any  jiroper  system  of  sanitary  works  and  appliances,  so  that 
consequently  there  are  many  causes  of  nuisances  in  the  streets,  in  ihe  hou.-es,  and  upon  ]iremises  of  various  kinds. 

"  2.  That  the  port  and  harbor  of  Kingston  are  rendered  unwholesome  by  reason  of  the  entrance  into  the  sea  of 
the  impure  fluids  and  putrid  solids  which  are  washed  from  the  surface  of  the  streets  and  channels  during  heavy  falls 
of  rain. 

"3.  That  the  town  of  Kingston,  the  suburbs,  the  port,  and  the  harbor  will  be  greatly  benefited  by  carrying  out  a 
proper  and  full  system  of  main  sewers  and  house-drains. 

^''Recommendations. — i.  That  the  report  submitted  by  Colonel  Waring  may  be  j^rovisionally  accepted,  subject  to  a 
full  consideration  of  the  modifications  I  have  pointed  out  in  detail. 

"  2.  That  the  works  should  be  executed  departmentally,  as  being  the  safest  and  cheapest  mode  by  which  they  can 
be  carried  out. 

"3.  That  temporary  trial  arrangements  for  the  disposal  of  the  sewage  may  be  made  for  expending  it  into  deep 
water  of  the  sea. 

"  I  have  the  honor  to  be,  my  Lord,  your  Lordship's  most  obedient  servant, 

"  Lo.NDON,  August  I,  18S8."  "  Robert  Rawlinson. 

He  made  a  supplemental  report  as  follows  : 

"KINGSTON,    JAMAICA,    SEWAGE-DISPOSAL. 

^^  To    the  Crown  A;.:;ents  for  the  Colonies. — Gentlemen:     In    reporting  on   the    main-sewering  of    Kingston    you 


intimated  to  me  that  1  am  specially  requested  to  express  my  opinion  as  to  the  probability  of  any  serious  pollution 
of  the  harbor  taking  place  if  the  sewerage  is  disposed  of  in  the  sea  ;  and  as  you  consider  a  fuller  answer  will  be 
required  than  my  printed  report  contains,  I  beg  respectfully  to  append  this  additional  information. 

"To  the  question.  How  is  Kingston  harbor  best  to  be  freed  permanently  from  sewage  pollution,  and  at  what 
cost?  I  can  give  only  a  qualified  answer,  based  upon  general  knowledge  and  experience.  I  have  a  plan  of  Kingston 
on  a  small  scale,  with  the  grade  of  the  surface  stated.  Also  a  map  of  the  harbor,  with  soundings,  but  these  are  not 
sufficient  from  which  to  form  a  definite  opinion. 

"  There  is  very  little  tide,  and  the  harbor  seems  to  be  complicated  with  reefs  and  small  islands,  so  that  there  may 
not  be  much  flow  or  current  past  the  front  of  the  town.  In  a  recent  description  of  Jamaica  and  Kingston,  by  Froude, 
he  names  the  River  Cobre,  which  discharges  into  a  lagoon  which  is  generally  shoal,  a  deep-water  channel  flowing 
along  the  side  of  it  which  is  farthest  from  the  sea,  made,  I  suppose,  by  the  river,  for  of  tide  there  is  little  or  none. 
Sharks  appear  to  have  deserted  the  harbor.  The  sea-water  is  so  foetid  that  it  is  not  fit  to  be  used  for  baths,  and  the 
odors   from   the   water  and  from  the  town-drains  which  run  into  it  are  very  offensive.     The  facts  learned  from  this 
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statement  are,  that  there  is  a  river,  the  largest  in  the  island,  the  Culire,  wliicii  flows  to  the  sea  and  towards  tlie  Kings- 
ton harbor,  but  not  with  sufficient  current  or  volume  to  prevent  pollution  of  the  harbor.  The  sea-water  opposite  the 
town  must,  consequently,  be  comparatively  stagnant,  and  consequently  is  not  changed  by  the  slight  rise  and  fall  of 
the  tide.     But  there  is  a  reason  for  this,  which  may  be  explained  as  follows  ; 

"  The  water  from  the  surface  channels  of  the  town  and  drains  of  the  wiiarves  floats  on  the  heavier  salt  water,  and 
is  merely  lifted  vertically  up  and  down,  not  being  carried  away  to  sea  or  along  the  shore,  as  it  should  be,  to  produce 
a  change  which  a  deep-current  motion  of  a  few  miles  per  day  would  do,  iind  so  free  the  harbor  and  the  front  of  the 
town  from  nuisance  by  preventing  the  stagnation  which  now  ;qjpears  to  take  place. 

"The  main  purpose  in  sewering  Kingston  will  be  to  secure  a  clean  town  and  a  pure  harbor  ;  the  sewage  must 
consequently  be  prevented  flowing  into  the  haibor  or  in  the  sea  in  front  of  the  town.  This  being  taken  as  a  settled 
condition,  the  only  practical  and  economical  remedy  will  be  in  applying  the  sewage  to  land  where  it  can  be  used  in 
broad  irrigation.  By  such  means  the  harbor  may  be  as  free  from  pollution  as  the  sea  outside  is.  But  there  must  be 
stringent  regulations  rigidly  enforced  on  all  vessels  entering  the  harbor  not  to  pass  any  polluting  fluids  or  solids 
overboard,  but  into  scavenger  boats  provided  for  the  purpose  ;  these  boats,  in  the  form  of  Hopper-barges,  going 
about  morning  and  evening  to  receive  all  refuse  and  remove  it  t.utside  to  the  deep  water  away  from  the  harbor. 
During  the  Crimean  War,  in  1854-56,  the  small,  land-locked  harbor  of  Balaclava  was  preserved  clean  by  such  means. 

"  To  provide  for  sewage  irrigation  land  must  be  obtained.  To  lift  the  sewage  to  the  land  engine-power  must  be 
provided.  The  cost  of  such  works  will  be  in  proportion  to  the  area  and  price  of  the  land  leased  or  purchased,  its 
distance  from  the  pumping-site,  and  the  head  or  lift  to  which  the  sewage  must  be  pumped.  I  will  give  an  approxi- 
mate estimate,  and  this  will  be  all  I  can  do  until  all  the  conditions  have  been  ascertained. 


SEWERING    THE    TOWN. 

"  When  it  has  been  decided  to  sewer  the  town  the  works  must  be  commenced  at  the  harbor  (as  being  the  lowest 
point  to  which  the  sewage  must  flow)  by  the  formation  of  an  intercepting  sewer  laid  along  the  entire  sea-front.  To 
e-xecute  this  work  pumping-power  must  be  arranged  for,  with  a  temporary  sea  outlet,  provided  so  that  during  the 
progress  of  the  works  there  will  be  some  practical  experience  of  the  effect  of  this  water  in  the  sea.  Before  the  com- 
pletion of  the  sewers  there  will  be  time  to  settle  finally  as  to  the  best  way  ihe  sewage  may  be  dealt  with.  There  are 
two  ways  of  dealing  with  sewage  ;  namely,  by  chemical  deposition  and  land  filtration,  or  land  filtration  alone,  as  no 
chemical  treatment  with  which  I  am  acquainted  will  answer  for  sewage  purification  without  land  filtration  on  a  small 
area.  I  prefer  the  fuller,  better,  more  perfect,  and  cheaper  mode  of  sewage  purification  by  broad  irrigation.  Taking 
the  ordinary  flow  of  sewage  at  2,500,000  gallons  per  day,  the  cost  to  pump,  clarify  by  chemicals,  and  filter  on  land 
will  not  be  less  than  ^5,000  per  annum. 

"  IRRIGATION. 

"  For  broad  irrigation  the  whole  of  the  sewage  must  be  lifted  by  steam-power  to  the  highest  point  of  the  land, 
and  whether  this  is  fifty  feet  or  one  hundred  feet  the  working  costs,  with  some  excei)tions,  will  be  nearly  the  same. 
There  will  be  an  addition  in  the  cost  of  the  larger  engine  and  pumps,  the  rising  main,  and  extra  coals. 

"The  sewage  to  be  pumped  will  be  about  2,500,000  gallons,  to  be  raised  in  ten  hours,  and  the  area  of  land  to 
produce  the  best  results  should  be  300  acres,  as  on  occasion  the  engine  may  have  to  work  the  full  twenty  four  hours 
during  ordinary  rain.     Heavy  monsoon  rains  will  overflow  and  pass  to  the  sea. 

"  It  will  be  useless  for  me  to  speculate  as  to  cost,  having  no  reliable  data  to  use.  I  can  only  say  that  the 
cheapest  mode  of  dealing  with  sewage  in  England  is  by  broid  irrigation,  where  ;^2o  per  acre  per  annum  is  being 
earned,  in  our  cold,  wet,  and  comparatively  sunless  climate.  What  could  be  earned  in  Jamaica  I  do  not  know.  But 
;i^2o  per  acre  for  300  acres  would  be  ^^6,000  per  annum,  which  would  pay  interest  on  the  capital  expended  and 
working  costs,  redemption  and  maintenance  being  provided  for  out  of  the  rates. 

"  HOW    SEWAGE    IS    TREATED    IN    ENGLAND. 

"In  England  town  sewage  is  treated  in  some  one  of  three  ways  : 

"  I.  As  on  the  sea-shore  and  tidal  estuaries. 

"  2.  On  inland  rivers  where  there  are  manufactories. 

"3.  On  inland  areas  of  an  agricultural  character. 

"  Towns  situate  on  the  sea-shore,  or  on  the  margin  of  salt-water  estuaries,  as  a  rule  send  the  crude,  unclarified 
sewage  direct  to  the  sea,  as  at  Scarborough,  Brighton,  and  Liver]5ool,  at  Newcastle-upon-Tyne,  Sunderhind,  and  Hull. 
In  these  cases  there  are  no  costs  incurred  olher  than  for  the  outfall  sewers.  If,  however,  there  is  a  M'ide  margin  of 
exposed  shore  from  high  water  to  low  water,  the  conduit  to  convey  the  sewage  into  deep  water  at  extreme  low  water 
may  be  costly,  both  to  construct  and  maintain. 

"Manufacturing  towns  on  fresii-water  inland  rivers,  as  ;it  Manchester,  Brndford  in  Yorkshire,  Leeds,  and  some 
olher  towns  similarly  situated,  have  to  chirifv  their  crude  Fewnge  by  preci))itnting  and  removing  the  solids,  and  this 
co^ts,  in  round  figures,  from  one  to  two  thousand  pounds  for  each  million  gallons  per  day.  That  is  to  sav,  Leeds 
treats  from  eight  to  ten  million  gallons  of  crude  sewage   per  d  ly,  the   annual   cost   on   this   work   being  from   ten   to 
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twelve  thousand  pounds  per  annum,  tlie  cost  at  other  towns  simihirly  situated  being  in  something  like  the  same 
proportions  ;  and  the  water  of  tlie  river  is  not  purified. 

"  In  inland  towns  wheie  land  is  available  at  moderate  agricultural  prices  scwage  is  disposed  of  by  broad  irriga- 
tion, and  on  those  sewage-farms  of  the  best  land  and  bet  cultivated  there  is  in  sonic  cases  an  income  sufficient  to 
pay  the  interest  of  the  money  expended  in  the  purchase  of  the  land,  the  costs  of  laying  it  out  and  of  management. 
If,  however,  the  sewage  has  to  be  i)unii)ed  on  to  the  land,  this  extra  cost  must  be  i>aid  by  the  town  avitiiority. 
But  land  irrigation,  even  with  pumping,  is  on  the  whole  the  cheapest  mode  of  dealing  with  town  sewage,  even  in  cold, 
wet,  and  comparatively  sunless  England. 

"  At  Kingston,  Jamaica,  there  is  only  a  small  rise  of  tide,  a  few  inches,  and  very  little  horizont.il  flow,  and  in 
England  there  is  a  range  of  tide  from  twenty  to  fifty  feet  vertical,  with  strong  coast-line  or  tidal  currents,  the  sea- 
water  being  turbid  with  salt  and  sand,  which  act  as  sewage  disinfectants.  There  are  no  such  advantages  at  Kingston, 
but,  on  the  contr.iry,  for  considerable  periods  in  each  year  a  comp.irativt  ly  stagnant  sea  under  a  hot  tro|)ical  sun. 
There  are,  however,  violent  storms  of  wind  and  rain  at  intervals,  but  these  can  only  be  relied  on  as  very  uncertain 
scavengers,  and  Kingston  requires  a  clean  and  jnire  sea-water  harbor  and  foreshore  at  all  times,  and  to  secure  this 
the  town  sewage  must  be  effectively  prevented  from  entering  it,  and  this  can  only  be  done  by  some  pumping  arrange- 
ment. 

"conclusion  and  recommendation. 


"  That,  looking  at  the  question  all  round  and  considering  that  purity  of  the  town  and  harbor  is  of  the  first 
importance,  I  must  come  to  the  conclusion  that  the  sewage  must  not  be  allowed  to  flow  into  the  sea. 

"That  to  effect  and  secure  this  necessary  purification  the  sewage  must  be  purified  inland,  and  to  prevent  its 
being  a  nuisance  it  must  be  utilized  in  broad  irrigation  on  land,  which  I  recommend. 

"  I  have,  etc.,  Robert  Rawlinson." 

Concerning  the  two  reports,  I  submitted  the  following  : 

"Newport,   R.  I.,  November  7,   1888. 
"  To  the  Mayor  and  Council  of  Kingston  : 

"  Gentlemen  :  I  am  in  receipt  of  newspaper  copies  of  the  two  reports  of  Sir  Robert  Rawlinson,  C-B.,  Local 
Government  Board,  concerning  my  project  for  the  sewerage  of  your  city.  'I'hese  reports  are  interesting  as  containing 
a  careful  restatement  of  long-known  principles  of  sewerage  under  the  combined  and  the  restricted  systems,  which 
are  in  general  use  in  England. 

"  After  describing  briefly  the  elements  of  my  project,  Sir  Robert  calls  attention  to  his  '  Suggi  stions  as  to  the 
Preparation  of  District  Maps  and  of  Plans  for  iVIain-Sewering  and  House-Draining.'  These  suggestions  Sir  Roliert 
offers  as  'examples  of  the  sort  of  work  to  be  adopted.' 

"In  review  of  my  project,  the  following  points  are  raised  : 

"  (i)  My  estimate  is  _;^2S,ooo.  The  English  standard  would  be  ^40,000,  and  this  should  not  be  considered 
extravagant. 

"(2)  The  project  should  include  lami^-holes  and  man-holes,  as  defined  in  Sir  Robert's  'Suggestions.' 

"  (3)  The  north  and  south  sewers  should  not  run  by  continuous  gradients,  but  should  be  broken  by  ramps  at  the 
man-holes,  in  order  to  prevent  them  'from  acting  as  continuous  flues  fiom  the  lower  part  upwaids,  and  this  in  prac- 
tice is  of  the  highest  importance.' 

"(4)  Sir  Robert  has  it  in  his  mind  that  a  patent  is  involved  in  my  project.  He  thinks  that  no  American  jjatent 
would  interfere  with  his  sewering  Kingstoii  as  towns  have  been  sewered  in  England. 

"  (5)  One  difference  between  us  would  be  '  in  providing  full  means  for  sewer  and  drain  ventilation.' 

"(6)   He  considers  six  inches  too  small  for  a  sewer  and  would  increase  the  minimum  to  nine  inches. 

"(7)  He  differs  with  me  because  in  Memphis  I  dispensed  with  the  man-holes  and  lami)-holes  used  in  England 
as  being  unnecessary  and  too  costly. 

"  (8)   He  does  not  aiiprove  of  limiting  tributary  drains  to  a  diameter  of  four  inches. 

"(9)  He  objects  'altogether  to  the  shutting  out  roof-water  and  surface-water  from  the  precincts  of  houses,  both 
of  which  I  [he]  would  take  in.' 

"  (10)   He  thinks  that  my  sewers  would  be  unventilated  without  man-holes  and  lamp-holes. 

"  (11)   He  would  have  each  lateral  sewer  enter  the  main  sewer  with  a  fall. 

"(12)  He  insists  on  such  ventilation  as  will  prevent  sewer-air  from  'flowing  up  the  whole  length  from  the  harbor 
to  the  summit,  making  a  continuous  flue  of  each  main  sewer.'  He  would  secure  this  by  more  frequent  east  and  west 
sewers. 

13)  The  lower  ends  of  the  seweis  should  not  be  open  to  the  wind. 

14)  Correct  ])lans  and  sections,  with  contour  lines,  should  be  secured  in  advance  of  laying  out  the  work. 
"(15)  .\lthough  six-inch  seweis  are  theoretically  large  enough  to  remove  the  water,  he  finds  'that  experience  in 

practice  is  against  thi-^,  and  that,  regardless  of  formulas,  I  decide  for  street  sewers  to  use  no  pipes  less  in  diameter  than 
nine  inches,  and  for  branch  drains  nothing  less  than  six  inches,  with  four-inch  for  house  connections.' 

"  (16)  '  A  conscientious  sanitary  engineer  will  decline  to  carry  out  works  of  a  refined  and  delicate  character  in  un- 
formed ground  for  the  use  of  a  community  un.'ducated  to  the  use  of  them,  as  the  results  will  only  be  waste  of  money 
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and  discredit;  and  it  will  be  useless  to  l<iok  to  the  best  examples  of  success  in  main-sewering  and  house  draining  un- 
less the  streets  are  well  paved  and  well  scavenged.  It  is  piacticable,  because  it  is  done  in  English  towns,  to  transmit 
excreta  in  water,  moment  by  moment,  hour  by  hour,  and  day  by  day,  to  some  common  outlet,  so  as  to  l.)e  disposed  of  at 
once  before  ]Hitrefaction  can  commence;  and  tliis  ])erfection  may  be  obtained  in  Jamaica  with  forethought  and  care.' 

"(17)  It  will  be  advantageous  'to  drain  wet  subsoils  and  some  of  the  springs  by  the  sewer' — that  is,  to  lay  the 
sewer  with  leaking  joints. 

'■(18)  Sewage  irrigation  is  advantageous,  but  the  cost  of  pumping,  when  necessary,  may  ecjual  the  benefit 
received. 

"(19)  Temporary  trial  arrangements  for  the  disposal  of  the  sewage  maybe  made  for  expending  it  into  deep 
water  of  the  sea. 

"  In  the  second  report  this  ground  is  taken  ; 

"  ' 'I'hat,  looking  at  the  question  all  round  and  considering  that  purity  of  the  town  and  harbor  is  of  the  first  im- 
portance, I  must  come  to  the  conclusion  that  the  sewage  must  not  be  allowed  to  flow  into  the  sea.  That  to  effect  and 
secure  this  necessary  purification  the  sewage  must  be  ])urified  inland,  and  to  prevent  its  being  a  nuisance  it  must  be 
utilized  in  broad  irrigation  on  land,  which  1  [he]  recommend.' 

"  Disposal  by  chemical  precipitation  is  condemned,  because  of  its  cost  and  wastefulness. 


REMARKS. 

"Concerning  these  comments,  I  beg  to  offer  the  following  remarks: 

"I  have  long  been  familiar  with  Sir  Robert's  'Suggestions,'  and  was  not  unmindful  of  them  in  formulating 
this  project.  They  are  more  applicable  to  prevalent  English  practice  than  to  the  method  that  I  recommended  as 
an  improvement  on  this  practice. 

"  For  convenience,  I  divide  my  remarks  into  paragraphs  numbered  to  correspond  with  those  above. 

"  (i)  The  sewering  of  the  city  of  Kingston  by  Sir  Robert  Rawlinson's  project  might  possibly  be  done  for 
_;^40,ooo.     If  so,  it  would  probably  cost  less  than  ^28,000  to  do  the  work  according  to  my  recommendation. 

"  (2,  5,  10,  and  12)  The  purpose  of  man-holes  and  lamp-holes  is  to  facilitate  inspection  and  cleansing,  and,  in  the 
absence  of  other  facilities,  to  furnish  a  sort  of  inadequate  ventilation.  The  inspection-pipes  contemplated  in  my  ])ro- 
ject  are  more  convenient  for  inspection  and  for  cleansing,  are  less  costly,  and  are  far  less  likely  to  lead  to  the  malicious 
or  mischievous  obstruction  of  small-pipe  sewers.  I  provide  for  ventilation  in  a  much  more  complete  and  rat  onal  way. 
'  For  the  connection  of  privat  ■  drains  the  sewer  would  be  provided  with  a  four-inch  oblique  branch-piece  at  each 
side — one  for  each  property  to  be  connected.  These  branches  would  be  inclined  slightly  upward,  so  that  their  full 
area  would  be  exposed  above  the  surface  of  the  flowing  current,  and  would  be  available  for  ventilation.  The  total 
area  of  the  cross-section  of  these  ventilating  openings  would  equal  more  than  one  hundred  and  fifty  times  the  cross- 
section  of  the  sewer  itself.  On  the  average,  every  thirty  feet  of  the  sewer  would  have  a  ventilating  area  ecpial  to  its 
own  cross-section.  Each  private  drain  would  be  open  to  the  air  at  its  full  diameter  of  four  inches,  and  the  ventilation 
thus  afforded  would  be  much  more  than  ample  for  maintaining  a  perfectly  fresh  condition  of  the  atmosphere  within 
the  pipe.'  This  statement  was  made  with  knowledge  due  to  ample  ex]jerience  under  a  great  variety  of  conditions. 
The  topography  of  the  city  is  not  very  favorable  to  such  a  scheme  of  intercejMing  sewers.  If  it  were,  these  would 
have  the  effect  of  lessening  the  volume  flowing  through  the  north  and  south  sewers  and  through  the  U]5])er  portions 
of  the  main  sswer,  which  would  be  disadvantageous.  With  the  am]ile  provision  already  made,  they  are  not  needed 
as  an  aid  to  ventilation. 

"(3)  This  objection  might  hold  if  the  sewer  were  not  more  than  amply  ventilated  at  every  rod  of  its  course. 
With  such  ventilation  the  'flue'  characteristic  disappears. 

"  (4)  Quite  so.      There  is  no  qufstion  of  a  patent  in  the  case. 

"(6  and  15)  Perhaps  this  decision  would  be  final  had  Sir  Robert's  knowledge  or  experience  been  universal. 
Abundant  experience  in  the  United  States  shows  an  equally  good  result  with  the  smaller  sizes. 

"  Concerning  a  typical  sewer  in  Mark  Lane,  I  said  :  '  Its  length  would  be  5,150  feet.  The  total  fall  of  this  sewer 
would  be  about  105  feet — or  an  average  fall  of  i  in  40.  The  lowest  inclination  would  be  between  Port  Royal  Street 
and  Barry  Street,  wher,-  it  would  be  at  the  rate  of  about  i  in  80.  The  capacity  of  a  six-inch  pipe  with  a  fall  of  i  in  80 
is  46.84  cubic  feet  per  minute.  If  the  whole  line  were  closely  built  up  on  both  sides  the  maximum  product  of  sewage 
would  be  7.77  cubic  feet  per  minute,  so  that  at  the  maximum  rate  of  discharge  from  the  houses  only  one-sixth  of  ihe 
cajjacity  of  the  sewer  would  be  employed.  This  would  leave  an  air  space  above  the  flow  equal  to  five-sixths  of  its 
capacity — or  more  than  three-fourths  of  its  sectional  area.  From  this  calculation  it  may  be  inferred  that,  as  the  slope 
of  the  city  from  north  to  south  is  substantially  the  same  in  all  its  parts,  no  greater  diameter  than  six  inches  would  be 
required  in  any  of  the  lanes.' 

"There  would  be  no  objection  to  the  use  of  nine-inch  pipes  for  these  sewers,  aside  from  their  increased  cost 
but  there  would  also  be  no  compensating  advantage. 

"(7)  I  did  not  uis]3ense  with  man-holes  on  lateral  sewers  in  Memphis  because  they  were  'unnecessary,'  but 
because  they  were  so  costly  they  could  not  be  constructed.  The  necessity  for  doing  without  them  led  to  the 
invention  of  other  means  not  only  cheaper,  but  for  small-pipe  sewers  very  much  better. 

"(8)  The  objection  to  four-inch  house-drains  is  probably  only  an  objection  to  the  unknown.  Had  Sir  Robert 
had  my  experience  in  their  use,  his  opinion  would  doubtless  be  tlie  same  as  mine.  A  well-laid  four-inch  pipe  will 
cnrry  freely  and  with  ample  margin  all  of  the  waste  that  we  can  ever  expect  to  be  produced  in  the  largest  build- 
ing that  is  likely  ever  to  be  erected  in  Kingston  ;  those  dependent  on  it  will  soon  learn  to  use  it  in  such  a  way 
as  not  to  obstruct  it  (indeed,  obstructions  aie  extremely  rare  in  any  case);  and  it  will  afford  a  protection  to  the 
public  sewer  that  can  be  secured  by  no  other  device  of  which  I  have  knowledge. 
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"(9)  This  suggestion  may  best  be  met  in  the  spirit  that  led  Sir  Robert  to  say,  'in  a  tropical  fall  of  10  or  more 
inches  of  rain  per  day,  sewers  as  large  as  railway-tunnels  would,  in  some  cases,  be  found  too  small.'  If  the  roofs  and 
court-yards  of  Kingston  were  conn  cted  with  the  sewers,  the  main  sewer,  if  of  practicable  size,  would  sometimes  be 
over-charged  by  a  shower  of  fifteen  minutes'  duration  to  such  a  degree  ^is  10  flood  the  lower  part  of  the  town  with  sew- 
age, not  only  through  the  man-hole  covers  into  the  streets  and  through  yard  gullies,  but  through  low  fixtures  into 
houses.  Furthermore,  the  work  must  be  regulated  with  a  view  to  possible  future  artificial  purification  of  the  tffluent. 
If  all  rain- water  is  excluded,  we  know  exactly  what  we  have  to  contend  with  ;  if  we  admit  roof  and  yard  water,  the 
daily  effluent  will  often  be  enormously  greater  and  the  increase  will  be  so  frequent  as  to  require  a  relative  increase  of 
purification  plant  and  cost  of  maintenance.     In  my  judgment,  this  suggestion  is  not  to  be  entertained  for  a  moment. 

"(11)  There  is  no  objection  to  this  suggestion.  I  contemplated  the  construction  of  a  man-hole  at  each  inter- 
section of  a  lateral  with  the  main,  and  the  free  drop  would  be  an  improvement.  It  is  my  practice  to  use  man-holes 
freely  on  sewers  ten  inches  in  diameter  and  larger,  or  rather  where  the  flow  is  sufficient  to  require  these  sizes. 

"  (13)  I  suggested  no  open-mouthed  sewer.  The  whole  system  has  but  one  outlet,  and  this  would  be  in  a  pump- 
well  or  in  the  deep  water  of  the  harbor. 

"  (14)   In  my  report  I  said  : 

"  '  As  a  preliminary  to  construction,  every  part  of  the  system  should  be  accurately  worked  out.  Exact  levels 
should  be  taken  at  intervals  of  one  hundred  feet  in  all  lanes,  and  at  intervening  points  of  unusual  elevation  or  de- 
pression. Also  at  controlling  points  on  cross-streets.  Also  on  the  line  of  the  main  sewer.  These  elevations  should  refer 
to  ordinary  high-water  mark.' 

"  '  Based  on  these  elevations,  a  plan  should  be  formulated  in  such  a  way  as  to  conform  to  the  natural  slopes  of 
the  ground,  equalizing  irregular  inclinations  in  the  most  economical  way  and  securing  a  good  result  at  the  least  cost  of 
excavation.' 

"  'The  plan  should  be  accompanied  by  a  full  set  of  profiles  showing  the  exact  grade  of  tlie  sewer  and  the  depth 
of  excavation  at  each  point — with  the  relative  elevation  of  the  lateral  and  main  sewers  at  the  points  of  intersection. 
There  should  be  working  drawings  of  all  details  and  complete  specifications  for  all.  parts  of  the  work. 

"  '  I  he  plans  and  specifications  together  should  suffice  to  enable  any  engineer  experienced  in  such  work  to  con- 
struct the  system  comi)lete  in  all  its  details.  To  this  end  they  should  be  based  on  exact  levels  and  topographical 
details,  and  on  specific  information  as  to  the  requirements  of  different  parts  of  the  city.' 

"  (I  also  recomm  nd  the  same  method  for  the  construction  of  the  work  that  Sir  Robert  suggests.) 

"  (16)  I  have  sometimes  aspired  to  be  considered  a  '  conscientious  sanitary  engineer'  myself  In  a  conscientious 
s])irit  I  undertook  the  sewerage  of  Memphis  on  the  smallest  and  most  carefully  constructed  system  ihen  extant.  It 
might  fairly  be  characterized  as  '  of  a  refined  and  delicate  character.'  It  was  constructed  '  in  unformed  ground  for  the 
use  of  a  community  uneducated  to  a  use  of  them,'  and  it  has  been  a  complete  success.  Most  of  the  streets  are  still 
un[)aved  or  badly  paved  and  badly  scavenged.  It  is  also  ])racticable,  because  it  is  done  in  American  towns,  'to  trans- 
iiiit  excreta  in  water  moment  by  moment,  hour  by  hour,  and  day  by  day,  to  some  common  outlet,  so  as  to  be  dis- 
posed of  at  once  before  putrefaction  can  begin,  and  this  perfection  can  be  obtained  in  Jamaica  with  forethought  and 
care  by  the  application  of  the  same  method  by  which  it  has  been  obtained  in  Memphis. 

"(17)  I  am  reluctant  to  differ  in  opinion  with  Sir  Robert  Rawlinson  on  a  question  of  such  grave  importance  as 
this.  What  he  says  of  a  wet  invert  is  quite  true,  and,  with  a  perennial  saturation  of  the  soil  at  all  points  and  at  all  times 
this  suggestion  might  be  adopted  with  advantjge.  This  condition  does  not  exist  in  Kingston,  and  the  laying  of  the 
sewers  with  leaking  joints  would,  in  my  judgment,  b-  a  fatal  error.  C'on-tructed  and  arranged  as  I  have  recom- 
mended, they  would  maintain  their  own  wet  invert  and  cleanly  condition.  They  would  at  no  time  need  the  extraneous 
help  of  ground-water.  At  the  same  time,  it  is  of  the  utmost  importance  to  secure  a  good  drainage  of  the  ground  ; 
especially  important  in  Kingston.      In  my  report  I  say  : 

"  '  In  digging  the  trenches  for  the  lane  sewers  it  is  probable  that  much  spring-water  will  be  developed.  This 
could,  with  advantage  to  the  adjoining  property,  be  carried  in  agricultural  drain  tiles  to  the  heads  of  the  small-pipe 
sew^ers  below  the  main  sewer.  It  would  serve  to  dilute  their  flow,  to  maintain  their  cleanly  condition,  and  to  reduce 
the  theoretical  objection  to  their  discharge  of  fresh  sewage  into  the  harbor.  That  this  objection  would  hardly  be  a 
practical  one  is  indicated  by  the  fact  that  such  a  very  large  proportion  of  the  present  sewage  of  the  whole  city,  already 
putrid,  is  so  discharged  without  producing  a  crying  evil.' 

"  (18)  I  also  said: 

"  'I  have,  of  course,  given  much  attention  to  the  question  of  ultimate  disposal.  It  is  possible,  but  I  think 
not  jirobable,  that  it  may  at  some  future  day  be  found  desirable  to  resort  to  agricultural  irrigation  as  a  means  of 
purification.  It  is  not  now  to  be  recommended.  It  would  require  pumping  and  a  somewhat  costly  administration 
of  the  affairs  of  an  irrigation-farm.  .^t  the  same  time,  the  works  should  now-  be  regulated  wiih  a  view  to  this 
possible  future  contingency,  and  this  consideration  has  influenced  me  in  adopting  an  outlet.  It  cannot  be  considered 
unlikely  that  irrigation  must  some  day  be  resorted  to.  If  so,  the  point  at  -which  my  main  sewer  leaves  the  shore 
would  be  a  good  point  for  a  pumping-station,  and  land  near  it  would  be  suitable  for  the  purpose.' 

"  I  say  further  in    my   report : 

"  '  Should  it  in  time  become  necessary  to  pump  the  sewage  to  a  farm,  the  line  of  the  main  sewer  will  be  found 
at  the  edge  of  an  area  well  adapted  for  irrigation.' 

"  It  certainly  would  seem  wise,  having  reached  this  jioint  before  going  to  the  considerable  expense  of  establish- 
ing a  puni])ing-station  and  an  irrigation-farm,  to  carry  the  sewer  out  into  the  harbor  for  a  short  distance  and  await 
results.  l'",ven  when  the  pumping-station  came  to  be  built,  this  outlet  into  the  harbor  would  be  needed  for  emer- 
gency relief. 

"(19)    I  am  disposed  to  adhere  to  this  suggestion  of  Sir  Robert's,  in   spile  of  the  argument  of  his  second  pai)er. 

"Unless  conditions  were  exceptional  in  Jidv,  1887,  Sir  Robert  has  been  misinformed  as  to  the  condition  of  the 
harbor.  It  is  true  that  there  is  no  great  tidal  current  in  Kingston  harbor,  but  there  is  a  marked  current,  possibly  due  to 
the  wind.     The    harbor    cannot    now    be    regarded  as  very  foul,  except  in  the  innnediate  vicinity  of  some  of  the 
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larger  drains  and  where  the  movement  of  tlie  water  is  impeded  by  wharves.  The  drain  of  Rum  Lane  discharges 
near  the  shore  front  of  '  Myrtle  Bank,'  where  I  had  the  good  fortune  to  live.  Even  at  a  very  short  distance  from 
the  mouth  of  the  drain  the  water  was  clean,  and  along  the  whole  front  of  'Myrtle  Bank'  was  entirely  clear.  It  is 
not  likely  that  the  comminuted  matters  discharged  by  a  system  of  rapid-flowing  jjipe-sewers  would  be  tempting  to 
sharks,  but  the  fish  and  animalculse  and  the  manifold  vegetable  growth  of  these  productive  waters  would  probably 
for  a  long  time  dispose  of  all  wastes  in  the  effluent,  e\'en  much  more  rapidly  than  they  now  dispose  of  the  putrid  dis- 
charge of  the  present  surface-drains. 

"  Shortly  after  my  return  from  Kingston,  more  than  a  year  ago,  the  main  sewer  of  Stamford,  Connecticut,  was 
run  into  a  cove  of  Long  Island  Sound.  For  nearly  a  year  pnsi  it  has  discharged  a  large  amount  of  the  fresh  effluent 
of  sewers,  such  as  I  have  recommended  for  Kingston,  and  there  has  been  no  suggestion  of  offence  or  discomfort 
from  it.  Rarely  can  so  much  as  a  bit  of  paper  be  found  floating  about  the  outlet  or  stranded  on  the  shore.  The  water 
in  the  immediate  vicinity  of  the  outlet  is  clear  and  the  bottom  is  clean.  On  the  other  hand,  this  cove,  for  some 
distance  about  the  sewer  outlet,  has  become  a  favorite  resort  for  fishermen,  there  being  vastly  more  fish  there  now  than 
formerly. 

"  CONCLUSION. 

"Possibly  I  consider  the  questions  here  involved  from  a  stand-point  with  which  Sir  Robert  Rawlinson  is  un- 
familiar. His  suggestions  and  conclusions  are  based  on  a  wide  and  life-long  experience  with  work  in  certain  localities 
and  of  a  certain  character.  He  has  improved  his  opportunity  and  has  made  much  of  the  examples  with  which  he  is 
familiar,  and  of  the  work  in  which  he  himself  has  played  so  prominent,  useful,  and  creditable  a  part.  I  know  these 
examples  and  that  work  by  observation,  by  study,  and  by  intercourse  with  foreign  engineers.  I  know  them  especially 
from  my  study  in  the  light  of  Sir  Robert's  '  Suggestions.'  I  would  submit  that  I  have  had,  as  an  engineer  of  many 
years'  experience  in  a  new  country,  some  facilities  for  observation  and  some  experience  such  as  he  has  not  had.  In 
1876  I  sewered  the  village  of  Lenox  with  six-inch  pipes.  In  1879  I  used  the  same  size  at  Cumberland  Mills.  These 
works  have  always  been  entirely  satisfactory.  As  the  representative  of  the  National  Board  of  Health,  I  instituted  a 
series  of  gaugings  in  different  parts  of  the  country  which  demonstrated  the  ample  capacity  of  six-inch  ])ipts  to  per- 
form every  service  that  I  have  ever  charged  them  with.  In  1880  I  constructed  about  twenty  miles  of  these  small  sew- 
ers in  the  city  of  Memphis,  under  very  exceptional  conditions.  But  for  these  conditions  my  recommendations  might 
have  been  different.  The  city  would  not  have  adopted  this  plan  but  for  its  sore  need  and  its  great  poverty. 
Work  of  the  same  sort  had  never  been  done  before  anywhere  in  the  world.  Other  engineers  predicted  the  failure 
of  the  system.  Notwithstanding  their  predictions,  it  succeeded,  and  those  who  once  opposed  it  have  since  adopted 
it.  Memphis  itself,  now  rich  and  prosperous,  still  adheres  to  the  plan,  and  has  more  than  doubled  the  length  of 
pipe  laid  in  1880.  Some  thirty-five  or  forty  other  towns  have  since  carried  out  the  same  system,  by  no  means  always 
under  my  guidance,  and  the  total  length  of  sewers  of  this  system  now  in  completely  successful  operation  in  the  United 
States  is  between  250  and  300  miles.  No  engineer  who  has  had  experience  with  its  working  would  think  of  giving  it 
up  and  substituting  the  methods  recommended  by  Sir  Robert  Rawlinson  for  Kingston. 

"Geo.  E.  Waring,  Jr." 
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PATENTS. 

The    following    processes  and  apparatus  described    in  this  book    arc  the  subject  oi   patents  or  of  applicatior 
for  patent  : 

Siphon  for  Main  Sewer. 

The   method  described  for  the  automatic  opening  of  Tidal  Outlets. 

Adjuster  for  Laying  Sewer-Pipe. 

Saddle-Piles  for  Sewer-Pipe 

Oblique  Inspection-Pipes  and  their  Surface-Chambers. 

Rogr  rs  Field  Flush-tank. 

Field-Waring  Flush-tank. 

Field-Williams  Flush-tank. 

Rhoads- Williams  Flush- tank. 

Cuntz   Flush-tank. 

Flush-tank  with  Inspection-Pipe. 

Muslin  Wrapping  for  Joints  of  Tile-Drains. 

Che(  k-valve  Trap. 

Waring's  System  of  Sewerage. 

Settling-Basin  between  source  of  Sewage  and  Flush-taiil?, 

Dividing-Wall  in  Settling-Basin. 

The  Sanitas  Trap. 

McClellan's  Trap-Vent. 

Bowers  Trap. 

Cudel!  Trap. 

Dececo  Water-Closet. 

Dececo  Sink. 

Puro  Outlet. 
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